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hesitating to plrtngo into the intric^nt 
eutectics, solidus curves, and phnmm. 
an attempt has beaii made, first, to : 
of our knowledge of mixcH'l mefalHi 
the general priiKu'fslt'H and vmmiiu 
unimportant deUils ; and HtHauidly, 

. the industrial alloys in cviuwday uho. 
made to present tlu^ suhjcH*! in .hu« 
intelligible not only to the student l< 
and the engineer, for wlioin, ittdee 
intended. 

The complete free/ing pwint curvie 
have been mmie a afsaual feature of t 
they will prove UHcful Tim freiv.i 
entirely reploited to one unifonn se 
comparable, while tlm phottigrii|ihs, ■ 
are taken from samples of eoitutiereii 
■ samples mad© in the laboriitory, !t 
maguifi cations om|)loyed are in most t 
- respectively. Experience hiw ilitiwi 
fulfil all that is necessary In fcliti 
iinportiuit point is that the iitiigiiili 
same, so that the mind may ««ll| iii 
sisse of grain, constituents, llawii, etc. 
not sufficiently appriH’iaied, anti It wi 
adherOj m far m ;pcmible, to mtimu 'n 
The colour phoh'igraphi riiprotliiceii 
ing the heat titding of alloyg, wens liil 
autochrome nktes* and tlin tin 



PHEPAGE TO THE FlitST EDITION. 


Lastly, thc^ atithor thankfully lii« ii 

ness to his friend tho lain Mr Ik'iinett IL HrHii|.rli, i%h<rv ! 
and literary skill atnl lar^o eiiperiiaioe wer«* ever iiv.-yl'-ik 
matters in which conn.Hel was Mou|,diL lit III*' i»f 

oxct^piiomilly Inwy lih* ho always fiaind filin' ti» ais4 n 
ingly gave of Iuh whh' knuwhnh'i^ 'riiin ii,« 

and unfailing: kindnesH will ever reiiciiii lh»' plniMinir^il : 
connected with the prcpiiraftuit of this \i4um** 

EDWAiii* r, 1 

Janum^ ]Wl 



CONTENTS 


CHAPTER 1. 
INTRODUCTION. 

Definition — Extensive use of alloys as compared with pure meta 
— Preparation of alloys— Sublimation— Compression — DifFusic 
— Electro-deposition — Simultaneous reduction of metals - 
Simple melting of metals — Keverberatory furnaces — Craoib 
furnaces— Electric furnaces — Crucibles— Methods of melting- 
Prevention of oxidation — Deoxidisers — Pouring and casting- 
influence of temperature on casting— Moulds and mouldii 
materials — Influence of form of mould on strength of casting- 
influence of mechanical treatment — Rolling — Hammering- 
Drawing — Sfdnning — Influence of tliermal treatment — Annea 
ing— Quenching— Tempering— Influence of chemical treatmei 
— Pickling . . . . . • 


CHAPTER II. 

PROPERTIES OP ALLOYS. 

Density — Colour — Use of coloured alloys in art-metal work — Specif 
heat — Hardness — Ductility — Malleability — ^Thermal condm 
tivity — Electrical conductivity — Diffusion — Liquation . 


CHAPTER IIL 

METHODS OP INVESTIGATION. 


xii 


C0MTENT8, 


plete C'lasHtlimtiiifi ♦»!’ « 

— Alloy oharte—Ti^niiiry 
betweou oojiatituti«ri iiiol 

CMkvrm w. 

INPLirBFOB OP TIM.PEEATIJEI * 

Kormal behttvlimr of rnttiftli at lilgli 

haviour— Uauw» ahtiurmal b4iiiviuiii- ,yi-. 

Gradual moloeular cihaugi**' 
box itays — lulluiiwi of 

— ?hoa|>hor»lmmift ■ ■Aluiyiiiiiiiu-broiij?^ Ili« 
— Maugiviititobriiuii- IIIMiografilij , 


CIIAPTKII fl. 

oomoBim m aim 

OauS'ii of oorf«lofi- of 

ehimi»l — Eilalloti bftwittt eiintl4imirtti i 

lafluwioo of iiu|.mriti«— It«tiirii#iii»»ii of #v«i» 
tiou of liiwlttbk eoiilttig^>'^-*E«4fiinlrf* 
wator— Corrwifi aoflori «r wliw I 

alloyft— 
eorrodibili ty<*« 

' , / 

mAimm ni 
comm Aimm fito 

OlasMftoaliott of 60|i|trr allofi |lri«ij»»t 

ia-mtfgal|tiiiM <»ii proprlfw lim'mif m>»fk ■ 
^Gwot’-matal—htiiiwtri! «f |ii%nt fi^#! amii I u$m 

lio -- 1 rtifi tfell .. iiiwt^l . If* f'i te i 


CONTENTS. 


CHAPTER IX. 

COPPER ALLOYS (SPECIAL BRONZES AND BRA 

Phosphor-bronze-Manufacture — Commercial varieties — Constitu- 
tion— Influence of phosphorus —Malleable phosphor-bronze — 
Cast phosphor-bronze — Composition and applications — Man- 
ganese-bronze and cupro-manganese — Commercial varieties — 
Constitution — Properties —Applications — Aluminium-bronze — 
Constitution — Properties— Applications — Complex bronzes and 
brasses — Bibliography . . * . . . 


CHAPTER X. 

GERMAN SILVER AND MISOELLANEODS COP] 
ALLOYS. 

Oupro -nickel — Constitution — Applications — German silver — Com- 
position — Impurities — Manufacture — Complex alloys — Alu- 
minium silver, platinoid, etc. — German silver solder— Phosphor- 
copper — Cupro-silicon — Cupro -manganese — Cupro-magnesium 
— Copper-oxygen — Copper-arsenic — Typical compositions of 
Icopper alloys — Typical specifications 

CHAPTER XI. 

WHITE METAL ALLOYS, LEAD, TIN, AND ANTIl 

Alloys of lead and tin — Constitution — Solders — Fahlum brilliants — 
Pewter — Alloys of lead and antimony — Constitution — Hard 
lead — Type-metal — Requirements of a good type-metal — Non- 
corrodible alloys — Alloys of tin and antimony — Constitution — 
Britannia metal — Composition — Properties — Influence of 
impuiitie^ . . , .... 



^iy OONTEN 

ciArrEii 

AIiUMINIIM 

Limited number of uaeful feiaiurt 

---Oon8tituti<ui-'-1»r«»|*in1ieM- iMmnm 
magnesium aUoya-«('omiljttttb#ii litid 
alloys '“’•Aluminium eo|»|nT iilt«yfi -A 
Misoellaneoui alloys ' Bii4l«fgjii|ihy 

OHAITKIi 
SIIVIE INB 00] 
Alloys of silver ami ooppr-'.' 

Sterling silver*'- Introtitit'lioii aiel lii*l 
faoture Amerlean priioiir*v Hilfpr » 
MiHcellanetnii ulloyi-"* Albtyi of gtild « 

— Standard gold History' 

® of |pldttndiilvir*-Coiittiltt | 

0114 Hf Ell 

1101 Msl 

Iron, cnrbon alloyt - Allt»iro|ty *it 

alloy8*-'Fro|>#rtli»i liiitiriii'o iif Itrai ^ 
examination — Iiilliirfie** »»f 

Phosphorus— Matigiiiitiii ^ (llltt'r iiii|t 

renco— Ternary allo) i or iprid? ’ 
IfeM. stoil— i.‘otwliiiili^ut itid 

flOkd pfopftto— Oliroiiiltiiii si 
dottttm — SlllfiWi ilwE • 
wil 


LIST iW ILLI^STIJ \T1()NS. 


li'ICl. 

I. Morgue Tilruig rru^ihl^ 

2» Alkiayi’ Uiim kmi < ‘rtiu*j!»|n Furuiirr 

3. AH<I4.vi«* Tilt4Mg Furtmi^r k.r m »>ll 

4. Fiinui***’ 

6, Clifivltur liullitin 

6. CJItarlii'f titilliisg 

7. Furii*i>-.»^ 

H. Buwiw 

if, HtiwmuM* i 

10. ¥ntimm 

11. ClIrmI Klmiirit'i Fiirim***’ 

12. Kftttsit'*iiw . 

1.1. ltf«*liiliiJg-E*4»ii4rili*4Wwr Klr^nn^ m N^ii-n. 

14 liriflilittg' Itoiitfilimiiwr ii* IIjih 

1§. (Vtmthium «if iHtwh Uih^ i " 

W, If ifi tig ICIi^rlfla fummM 
17, Jipiiwt Art llftel Wiftl^ . 

IS* Iftpitii# At%’Mmt4 l%md 
W. Piffiwsiiii Ilf fliilrl m4 Vhihmm 

20. C*»|ii» ^fi«i * 



xvi 


LIST OF ILfilfSI'llAlloN. 


Fxa. 

32. Keichert Mioroioopa . . , . 

38. Optioal Arrangement of Etnisliori Mlrrr«i‘«*|sri 
84. Reichert Outfit for Photomiert^gri4|tli| 

86. Stereoscopic Microsoo|># . . , . 

86. MeasuHng Mtcrcmwipi 

37. Roberts-Austen’s AJit‘»gniphii' Rrcifolifig 

88, Sectional Plan of AuU»gmpltif Ein'oiiling r^rutmilwi 

39. Example of Calibration of Pyroim ipf 

40. Apparatus fijr Difierential Ctirvri . 

41. Apparatus for Difierentiiil Curftiii , 

42. Three Curves reprmen ting tin* Coiwtiitiii-o »4 lima 

48. Equilibrium Diagram of Copiwr- tin . 

44. Physical Pro^wrtioH (4AJo|qiiu‘' I ill Alb vy» 

46. Mechanical Prof,H^rti« of Cop|atr- tin 

46. Alloy Chart of Lead tin A lb»y» 

47. Triangular Diagraiit of C join pMidlioii 

48. Surface of EuaibiUty of iht.iAllo|fi«rL»'4-.f, Tin, 4tiM 

49. TenMli Strength of Etiltiitl AltimifiO}iii »i, inii 

60. Tensie Strength of Etillwl md C«l *1 It 4 d» 

61. Rhodln’aCortwion A|»parftltii 

62. Ehodin’i Typical Chirvci * * 

68, Tensile Btrengtli of Qulckl|‘rt»lii«l . 

_64. Equilibrium Diagram of Oo|ijajf */,liio A I Im) ** 

56. Mechanical Fropiiilw of Coppiiraiir 

68. Equilibrium Diagram of Co|in«ir>aliitiiiwo?i .IL >», 

67. Tensile Teste on Sami (!i«titig« ot lb*|»prs #lsiiioin . 

6B. Tensile Tests on Bars rolloil in || updi 

At* TensEi Tests on Edhtl fkoi rlran'o lf« 4 n ^ n 

iO. TtnMle on Chill c 

61* TenmltTwte on Sami Cjft4iiigf4 ii ^ ; 

62. Tanstt® Ti^ts on Saiiil OaMyiitf* iitioik4f»*ii 


I.IHT OK Ihbll.STHA'lIoNH. 


Wtl 

74, Twt« II . * . . 

75. TiUiMiIft 'IVniw «iii (^itll t’jiHiiiigii 

7(1. finmilii «ii HHii4 C^isUiigw »l’*w1y rM.4r4 - t‘ 

77, -1 «<■* i:^h' » 

78. FmwiiJg Oum^ <■»! Hilvrr 

7 i. Fnwiitg- point CJurvt’ nt ( 1 * 4 * 1 1 ’lipi.i’f A 11 ^<y« 

80. Fr««'?;iiig- point Ckw^ <»f Hi 

HI. Siutviur’i Dnignini llliwlr.*ffn^ r.*n»! <isiij -n *4' H.u*4, 7V»/^t-# 

H2* K<|uilibrluni IHnymmnf Iron r^fltoii A]Uiyn 

85. M«tgn«iki Mf Nirkr-I 

H4, Onniiltntinti *»f N n*ti4 HtrrU 

M. Cnnuilttitlnn »f MjU4g#in*%%r» Hi»'r4^ . 

mtmmHniimuAtms. 

m. 

Kii-tnrifi! i*o1«snr l*h<4*^gr;i|4i» of li* ri |^ii«a^•|4.-'4 t:,.| 

I. Ii.ttbprtii^An«|rnt* ( ^4 j - <4 iif.ii I’l s.; : .. r 
% C Iryiil III Hill Htrtni,nii^, r oj, 

a. ,. .. * i' *'- 

4, M«4Aliiti Clry^liiluiw fu'|<.»r4i.*^i ’ ,?■,■ ., .!■ 

$, Alniitiiiiiim rolmlt Alt^y Mo.ih»ii|»I;k. * a , .v4} - I iiv' 

AlgC,*i», « I woo 
tl. iMmiiMtMl KnirHio 

7. Frlllg# Ilf |•ln*'^|4i•o | , ,,5., 

i. Fliii*|iliklft III tifry Iron. ifr?’.'- 

II. Clwii-iiiit*! Ti jw'.r »rt»i li#,, 

ID* ,1 I, li l^r ^.til, f ill, ^ w « ; 

II* iiit-itt* C-MiiitiliWttl l» hml Uni *4 ^ ^ . 

l*i, Hiilfpii ilfA»« fM i^r .4 X-i.f- ^ ^ 

15. Iit41»’4 Unuu^ 


LIST OF ILLUBTii 



40. Omphite in Orty Iron, n 

41. Steel oontaining Sltg .pllsl«l it 

42. Troostifce, K 1000. 

4S. EolW Mnnk m ItO. 

4i* Oxidised Brass Oiwting. » Wi. 


xviii 


«u. 

21. Manganise-bronw, rolW. x 100. 

22 . „ „ .. 

28 . Inunadlum I. Bronw, rolW. k 10 t>. 

24, ,, ,* M X 

28 . Iramadium II. liroiiM. »ll«d. x 100 . 

2 «. .. 

27. Alumimum-bronsw oouUhiiiiK 7i> [H’ro'iit 

28. „ H 7-i. f«rwnl 

29. „ „ .. 1*^'' 

xlO. 

80. „ „ „ !«'<■ *•' 

81 . „ 7 ‘» i«r 

il litgli 

n. ,8 »» »» I0|wrwfii 

as, „ 8, ,» I0|»«rr».»i 

S4. EolM German Biher. n 1110. 

36. Timcopper-antimony ll«itri«i M*!#!, * 

36 , Magnallttm Xi kIIO. 

m. »* o 

SI, Mangan^ Snlplildt mi Bilteata in ilin^ 





LIST OF ILLUSTliAHONS,. 


NO, 

67. Bamrifti No. 66, hut iino-f* highly m liin.i 

68. CMfc Bfcfwl Hiiriu! m No. rol, hut ftftnr Anmmhii^. *'■ Umk 

69. Siwua m No. 68, hut morn highly iii^-i|iinlir«i. ■* Isrflo. 

60. Or«y Irt»u showing (irii|»hite, IV-iirlito, ftipl »*f Vh. '*14^4*-^ ¥U 

X 100. 

61. Bfimo as Nfo lUh Imi morn highly « Ii'Ojii, 

62. High riuMghortm Pig Iron ulomirig Ph.. 

Kutootio. M KUIO. 

65. (j«|i|M?r Firnholi ooutiliuiug O'|o |M'| .'#511! U||-,|.jr|| « ItrtJ, 













ALLOYS. 


(niAl’TKH 1. 
INTBODUeflOH. 

Tjirjii liiiyi Lwi tliirnreiiaa tif m !« iIip nriitiii 

woni alltij, IhiI iHimirtJing It- m fi 

Liifciii word {ad itijH), *Ho Lind i4»4 ir^iV^r# !..*♦ iL* 
or Lliidlii^ Uigofclior at tLii ito^iak iiin^f ili** ndoi. 

From th« imrliimi tioim hIImv^ mrrt^ |ii»*«Ls«'» 4 
tliO iltliultlWiOtOH rt»tit»rls«ill t*f liii%liltr« id iiPlallit" I V 
w littlii don'bt# tfoifc iho llr»i iiiiOiifu tn i 

worn thti {.irifeioiiJ^ riirittlw, nod iiPir^ L 

ijurLitii tliwl ilmmi itil#iii|4# to ik» |»#rM»^oi 

wciro of a friititluloiit olimmoter, and tmfml mii maU lli# 
jirocliioliig ft fiiotiii wliitilt iiiiglil 1^1 Imi ilir 

How long Itmw frftttdiiltiiil ln*l mirrimful 
on wltltont ftfij wtaiw uf iii»i*vto‘ii it i% > * 

iay, Inifc tliny rniioirwl tlioir flr^t It % Lin 

t ' it . 4. ■ i .t. . .. tl i s: i. . i i, 



coiiifmit iiirlullm m. 
mixture, whither bj lumm m 

or metellio llj llif» ii4» 


to those of the mefctls cil wtiieti il m r 
Probably the m«t mllifac'iwry «l*' 
which diioribif it m iiiixliirn' t^l 
stances which, afltr meiyii^, iliw^ m* 
layers” But commiiroiiil tiiiliwiiriK 


prevent them doing »ii i and m llit^ *d,i 
with the commireial illoyi wi? umn 



INTliO!>U0TI()N. 


Prepamtioiiof Alloys.- -I utlilifckm ta tti© obvious methoc 
melting together tliti eoinjmuoiit motak, alloyg tuaj be prepi 
in several other ways. of tliosa are of purely theorel 

interei't, while others have Imiui, ami nrci still, uncid oommeroii 
The metlicKii of preimrathm mny bo rogiinlcMl m nix in numbei 

(1) By iuhllmiiiioti or ounrlonmtion of rntiiidilo va|>ours. 

(2) By oompriwion. 

(3) By tilffuslotn 

(4) By cileotro-detwwififiu, 

(h) By the m{iniltiifi*’*vo'% rr*iurf.ion of two or uu>ro nictak. 

(5) By Hitnpio iiioliiog oi ilio ootmiittusni moialH. 

(1) SuWimatioii or Ootidiuismiioii of -Tlus forma 

of alloys l)y itoinleiwiitiim of irouallhi mjwuir is raro, Inife such o 
have Imen oiimirvtHl to iM^nnr In tnmmm pitaluelsi and it is prob 
that oiirtfiin at toys wlitrli ar# ftuiud In th« native atat«i 'have 1 
fcmiM^l in ilik way, ily ihi» iliaaiiitpiriitiiin of iihjtiureH of tho 
honyk of iron atai ntoket, alloyM of thoao inotalH may bo pnxhi 

Alloys may ako ho formod by ilto aoiioii of tin* va|Hnir td 
nmtal n|ani Tho-^-i i'Mp|xu i^4|iiH4ai to tho ariitni of 

vft|iriur k rii|klly ounrorii^^l mto bnixa. An oxiwii})!o of 
primtiail ii|i|>lirailoti of fhi« |iro|ao*iy Iti tHiiiiiiitinnal purpose 
to bo foiintl ill Itio -xomlkd ‘’dry ^ahaihwlng** prorons know 
Sbnmnlixing. In tln« pr*aam« tlio ^Im* vapour alloys with 
iron or and hmm a |awfo«ily mlboroiii eoiitiiig* 

(*i} 0©«prilii<llh---*ln IB7H Mpriiig alitiwtxi tbai if timtals 
tliioly dlvliiwl itiiki mm atibjirniwl to pri.tti»iiro tins piirtifiloH imli 
form awlkl «»««# aa lliniigli lli#y Im 4 lawsn ntoltrtk iilthougli 
actual rm in totii|Mtriiltiri% tbit In ilw iiirronro nt prossur 
incoiwitioriillt*. 11io prcHioiro miuirotl to niitw^ pitrtioloH of m- 






IHTliiHilHtTiClN 


of motallw coppiir wliioli ulUynl wiili 

aluouniuii'K 

Although miitiiy of tli«» prmmmm iit«^ « ti. 

of allojs aro still suaiHifiiotuml hf ilm mmrnlUrnmm imhwh 
two metals* Ferro -'imugatiitso ami npwg*4*nmm mmimi** 
m the bliwt furiiaoti hy the miiiultaue^ut^ #4 

manganese oriiMi while fiirr«» ehroim*. km*» nilseiiti, »i#^l 
phosphorus are niatlii leith in the hlml ftiriift*» siet iii ili# «l 
furnaeo; and fiirro4itiintrtm, ferroaliiitniiiiiin, aiwl 
allojs (sueh as ferro'almniniuin sllieidti ami §>- 

are made in the uluetrlo ftiriiime 

An inteniitiiig iisainplti of ilm relitrii In mimmt 
the produetion of alloys is i4» Isi fmiiiti m lli« of i 

an iilloj mmsisting essieilhtlly of niekel «ii4 mlm 

largely uiwkI in Aiiiorleit and la Hhiitinrd hi 
the mixed iiitiktil ami eopper at# ih*'} -<« '>i 
Ooppiir CJliffi thiliirio. % Um* it h,»^ i*: 

tt> prwllio© an illloy ismaeaMiim vaheihh' | .. j •# 

from the orii wiilitnit inenri-mg th*' ^.4.|4*5- 

tmd rtifliiitig the iimtals ami tinm ^ * 

prt^portloiis. 

Another inntlitsl of prisliiidtig al|f»irs l*y t»|c 

til wliielt soiim wfereiiOii iitiwl l» nmde m Umi | 

as the Cloitlwilitiilili m lli#rnilt min* It m 

powirM atiiiity of alii«siiiitt» for j t .#»« 

tiomliiii© with llie oxygiti tif rwitiy nilier mrt 4ii- ^ i ^ ^ 
the tiiefids in a frwi aiiitn. Tli« 
thus : 
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uuulo by mixing uliusinnnni with :l\\ » i ily 

oxide, HU(;lii HH barium nr HtHlium |w‘i<a; , au I j 

insortod a Hhnrt pieen of inagurHiuiri ’.\n c mi' »• o i: r ’i ignition 

of the i!iagnesinm wiro in MUiirtMut f , : f nt rhn t> t.-finu in (),,» 
ignition powder, whicli ia th*'o i->nivii\iiyi>'AU \ f.Mhr suixture ifi 


the cmoibli^. Whou tin* rratiuMi ti burly fit >1 t li*- irjnuiuiier ! 

of the oxidt' bo n^duerii, inixrd nj?!i I br tf pn fOuMutit (if i 
aluminium, in ehuvly t^harged iuf<* .-nh snU'. h fh-j s ■; i-uTirij I 
out propm’ly thn n*iltii-e’d mntal u>K - tn tb** b^fft^ra af tlui ! 

eruoiblo under a iay<*r of ^ tuo'; t-f fa‘u 1 Hluiiuna Tfm i 

metboil in of m\ieb ruTvit'e in po pu:;.,^ ada.x,. a:. nf flit* 

oxidt's of t.he rare iiK'tah .o* k m idiv i-i : - i i.', ibimiunuu; i 
but it in (idea dilVundl (»» i»bf am U<- ' d < n r i r/-r(am ^ 

ainoinil. of aluminium. tUj tin .ah. i b ti. i. *b. * ..* b . ui i alttvs 
obiailHul by thi.H pptee.', :u«* enf ;? t 1 \ l- u; i?; ’Ahteh fuf 

maxiy purpt»aeM ia a very imp^a i;iiif > : h i >/ I r. lavUn «tf 

formation givi'H iH tb<^ bdlMAsu;* f-tb - ■ ■ ' a u> ’ a. i.d.uivr 

rodnoibility of liie nxjde.'i. .ui-i t -m ; b e thr 

iieat ev<ilved duiiug tie’ i..t rra \l , *. fa. . .. . pj. 

roduetion of uieKr! «»\jde 


bNU^ f \1 ’i\i . \l 

we iuive (lie !ie;t(.: of fMimi?*-as U'j.nb 

UiHB the heat «*i' fnrmatiilu nf ;;\:H },. y,.'.- i i. 

(f)l-5xa ISb’,), leaving t'tbi 1 e ,b r . fa , • ^ b, 

been enipleytul in the welding «»r u <.in t o- . * uv-x,u-n-.\ 
repairH of all aorlM of frueturea. u t fbf Mg- » «.* ?■« itinA 

out wherever rcHpdred and (pute utdep. ■ . i- a: •» e ' 
of fiinunH^H, 
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100 lbs. of niofcal uiul wliioh ilnuvn fmin lli.> furii.u-i- hv rranc 
or pulley bloolcH, the furiiaw l.oi) Hlumlti be limtl wiih the iluur ; 
but for oriKJibloH taking; lima than 100 Iba. luui «io with' 

drawn by hand, the furnace (op hIuuiM be aiioul, I() iim. abov*? 
fcho floor level, uo (bat by plai-iiijj; oiks foot a>;aiiiHt the furnace 
the meltor can ateady bitiiaelf ami itae iiia HtreiiKlli U» jjceatnr 
advanta(pi. i he rouKUtuption of coke in natural drauplit, coke 
fired furnaceH ia about, 20 to 20 Iba, per 100 Iba. of l.n«N nu'lird. 

Instead of iiHin;' a niinibor of eomparatively small cruediiea, i( 
is often deainthlo to eiiiploy one hiij;e enieible; and to avoid the 
diflloulty and danger of hamtlinit larr'e erucil.h st full of inoltMu 
metal the onnnble is fixed in the 
furnam', which is so eoimtruetial 
that it can be tilled anti the 
innOd pourt'd inft) a preheated 
ladle or tlireet into (ho niouhlH, 

Forced tlraught is eniployid, 
the air, at a prewitiiit of lit (o 
2 ins. of water, heiiij' nupplici 
liy means of a motor hlnWer or 
fan. Ona of the ht'st kntiwtt of 
those furnaces is the ,\for(»nit 
tiltiiijt furnaee shitwn in tin. 1, * •“ * >.»r. loiii.,? 

This furnace is conHlrm ied on 

the Jegeiiorativo prineipht, tlm uietuning aji afitj fj^srrs }«,ts«soi? 

thmuKh pi{s*a arr»nKe.| eom-enlrieaiiy m s.ieh « wav that ti... 
trawls in a nptntl direetim, r.mnd tlm fhm and 
hefore antenna the furnaee A preheator m u, th., 

and by means of a handle ami.'.,,,, cm medv raimd «ml 
free frtutl the furnace before nlmooo.j,' and j«ou>!!|| A »|»r>oai} 
feature of this fiirtmee in ii„, d-v,. ... .Uo. h I 

that th« axis upon wlmd. tlm f,„m.e-, i ot. i o. W«. 

th« aiwut of the cruedde, »o thu the p . oe..; e. . 

Other typos are marh, with potSabh. aio.'h . 1 ., 

to any |rart of tb»^ foundry by rrreatrs *d as* ».r'*ob«-,el rsaor. 
Theconmmipiion of f,,.d th.-m 

than la Um old fixed I vj«', ftod at jhp muiti «im*i i|,n |,|b of jb* 
erueihlo* ts wry matenaby ien-shemal. ||, iJba* 

saving in erueddes amounts tm almut m «•*.»»» . am! ||« mvm-g 





Fici. 2.— Alldays’ Gas-fired Crucible Furnace. 

The fpllowing figures have been given by Hughes as showing 
^ wbrk of a crucible tilting furnace in a railway foundry. 

fuel used was Durham coke containing 9*35 per cent, of 
moisture. 

Both lift-out and tilting types of furnace may be fired by oil 
or gas, the selection of the fuel depending upon the conditions of 
supply and the alloy to be melted. Fig, 2 shows a stationary 
furnace by Messrs Alldays and Onions, and fig. 3 


Crucible oas furnace 


in fuel at least 10 to 15 per cent. In a series of trials the average 
life of a crucible when melting brass was found to be forty-six 
heats ; and when used for ordinary foundry purposes, melting 
gun-metal, phosphor bronze, etc,, the average life of a crucible of 
400 lb. size was found to be close on forty heats. 
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tilting furnace by the aamo firm auitabl.' for i'hh or nil. Fig. 4 
is another type of oil-fired tilling furfuirn by tiio Alorgiiri Crucible 
Go. Another type of oil-fired furnat’c, which ri'Kfnib!f« a rover- 

beratory furnaoo on a Bninll Koiilc riilliiT tlnui a cnioiblo fiirnnee, 

is the Oharlier rolling funmoo kIiowu in hg.c h nml fi. It ie 
cylindrical in form, atid i« inountod on tv.<> fii-.i itmt Htiinilartlg 
having half-hoari ngs, an that Lho hmly of the tnui n *' hit 





1 ’^1 









\ # 


U .IttflisS; 


i 

it 





T 




up by a oraae wheu dtiim-l, K*»r ihm pniji.ct*. ili*. tut 

be fitted with a, forged etenl yoln'. A bhiai i.f n i 
pressure is. used, and the wirwuinpiinn of oil fui g.ti,«r» 
work is said to he two fai three g«lloj»a j«r owt. of mote! 

In Atnerioat where oil is r^uiily tilttaiitebloi st i* vo 
used, but in this country the low of cofet, hm 

prevented any serioim cmijjwtiiiow bv oil hi etdtr of 




INTHODUO'rKhNf. 

cases they are taking*: the plaec' of coke* fin**! furnafoB. b\* 
shows a twin- oiiaiubcrod g 

stationary furnaco in which 1 ^ 

hectnnoH iuuUcd ant! at the ^SmB^Smrnimmm 

same tiiuiUeuulH tf) c«u»l tlu* . . 

, « , « * f eo iorij 

bottom of Mu 4 nirmu*!^ w}n*rt* 

03C(5UHHivo and t{r*i{ n(«*( hue ni lami:/ su-a? 








wmmM 


i 




Tb© bolted asr os llioti |.^aA#e?d llinujiigli il*# 





. ffio. ^.“Clhiulwr RulUiig Puritw* tur liy 

la both oil- and gaa-fiired fumaee* tlw »a»» *itli wltudi thf 
temperature osas be rttgulated i« a k*”*^*" a‘lvnftt*g». atnl the 
reoofery Ot a olxatge la the event of the lirwaking «f a liriunbU' i« 
a further advantagei ^pHoially in tbo melting of thw rarer mnUile 
Much depfflodB, however, on tlia nattire of Him nwral to Im tiiMlUwi, 
Thus there is a prevalent belief atttong many m«tti<ra of aitmiiniutu 
that in oil-fired furnaoes it la dlffionlt to prevent norioui* osida 
tion of the metal, and pressiire gas is now being largidy iiw«i in 
aluminium foundriee, m it U daimed that by it«4 uw osidaiion 


am-dys. 


and renders the oil more ll.ud, tliuH prevm.Ung Ir.iu blrii duo to the 
doglg of the burner. Tim saving in labm.r wlmu UH.ng o.l- 
toeTfuLoes is oonsiileral.le, as tlm rnrt mg of fm'i mid r. tuoval of 
ashes is dispensed with, and no stoking of tlm tnii.mM. whdo tn 
operation or romoval of oliuker. etc., after ihe-.lay nm .« uec. wry. 









troublos arc rodiiojMl to a miuiimiui. On thu nthor hfiSidi ibrro 
is liltlo doubt that iu tin* uutltiiift of nu*i mlwt tho \nmvn 

duo to volatiliHation an? gri'aU*r iu gan fimt funiuo«‘M tbiiu iu 
using coko. ^rhnH(< <^xfuri|il<*H an* uiondy <pHUin| in ordor tn aliuw 
that many faotorH r(uu«' intt) pluy in tlio uniting tif tha diflminil 


motnh, ami thwo n* n.- , . ■ , • :.. n-lr 

fuol iiiitabh^or ftp' |M$f ; ■ < r,' , ■ i,..,- -c-.i 

Blwtrio Ptini.ac!p^ ' 

tlmmaiuifactursiof logh h' ^ ^ ^ i 

written in {iriiiw of i.i , ■• -:,';c.fg .-■. fr 

undar th«l ml -ir .. 'i 1^ 

they had an fiirtp%.fr lio! abk' h.i It 

bn of intern'-it* fcht’frrsfpf*'’, to drarfj|>« t|i« I ||p"=sii i|^ 

fuirono now ifi tuui% ;ui4 !ti mnmdm i|i« Um^m 
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further divided into three groups. In the first of these, of which 
the Stassano furnace shown in fig. 9 is the most familiar example, 
three carbon electrodes enter the furnace at a slight inclination 
from the horizontal, and the hath of metal is heated by radiation 
from the arcs which are formed immediately above the surface, 



Af.hcnu 


aooond typo of aro fnrrifun r)f whit*l» tln^ In J lumuu n 
is tho Hcruult funmoo (sliowii in %. ^iu liun 

aro arranged vortionlly and at aoins^ ili^4iuic4i ap.u f, mi ihnt tlia 
aro is formed botwoon the Hurfmm nf llir bnlh ind lh«’ 
the current pfUising tbrougb thiit \m\l ui tht* lyini^ Ih)» 

twoen the olocstrodos. Owing to Ilnur ami vniiml 
breakages aro loHH Habits tu iwumr, and fhr rlnrlri^dnH UnuuwifdvtJi^ 
afford somo proteatinn l\m roiif fnmi Uh’ int» ii9.»‘ luutt tif the 





i Av,‘ ■' " 'r ?’ I* V‘ '■ ^ 






Flo, 10. ■ nf Jlinn^isll 

arcs. The maximum himtiug m nn i|n» nf i\w 

metal) and this ih fcb© idoal cKuubtimi hir a tnfjins'w in 

which the refining oporalitiu flu|amd^ it|wm rhi 4 in«‘.jil rrs«,ii.h*n8 
taking place between tbn alag and tho nn^ial. Fsir in 

/the refining of itiil in which tho III ijiiitt aiinwi nt m ili«^ rriiuivil 
of aulphui',. interi80 boat of the obotric am a highly 

rolraotory skg oontafnlng m much m fli) pur muii «*f litn*^ to \m 
used, which readily oomhin#i with thn ^iilidutr In ihi^ with 
the formation of calcium aulphkk For i\w mlmi^y m*dlmg of 
metals, however, whera no flux It th© hwal linaing of thi 
...arcs is a serioui diiadvan.tagi» 


INTRODUCTION. 


19 


In the third type of furnace, represented by the Girod furnace 
(fig. 11), the current enters the furnace by vertical carbon 
electrodes ; but instead of leaving by similar electrodes as in the 
case of the Heroult furnace, it passes through the molten metal 
and leaves the furnace through water-cooled iron electrodes 
embedded in the bottom of the furnace. 

The arc has been described as a necessary evil of the electrode 



Fio. 11. — Section of Girod Electric Furnace. 


type of furnace, and this is to some extent true, inasmuch as the 
heat is applied locally, and therefore at a very much higher 
temperature than is required. The aim of tho designers of the 
more recent types of furnaces has therefore been to minimise the 
excessive heating of the arc and to apply a part of the heat to 
the metal by some other means. The Girod furnace, by reducing 
the number of surface arcs, was the first stop in this direction, 
and the Nathusius furnace is the latest. This is oireular in form, 
and has three carbon electrodes suspended vertically in the 
furnace, and three bottom electrodes of mild steel embedded in 
the hearth. Both top and bottom electrodes are arranged in the 
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form of a triauglo, and thr^ ti|»|wn’ am ao armugi-d tluit tUy 
oan bo drawn up whon tha furnaoi^ in a j»rr»’iuitiuu whk4 

oormidombly diminiahtm tho mtitdirr brmkagoa. onrrtnt 

employed m a three-^pliaHii liltonnuitsi-!, uf anv t’^un ciut-nt frrf|utmoy, 
and is tmpplied to Urn ftirnaae tlimiigh a <luHii fid franaformer 
wbioh reduces til© voltage of the maiiw to tlmi of the ftmiace. 
Different aye teius of eonneetion are eiiiployed, whi«'h nemi not \m 
doHorilied in detail ; but in eaeh en^e the rurriiil eam^t^d Inflow 
nut only between one upper oleetriKie anil antultrr, or U©twiw 



one bottom akotrod© and another, but alio IwtWfHui the upper 
and bottom elaotitKl^i, ilna ayileiii of eunnert.ion In «ftown in 
fig, 12. Not only ii the lath heat&l by the unm on the «urfai»,‘ 
and by the pa«f© of the onrroriit thnuigh IL Init nlm* hy thi 
heat g^amtid In tbi bottom of tlm furtiaoe duo t« the piuimga 
■ of .the ourrent bttwetn the bottom tlwtr^^. 

In^ apite- of ^1 ^orti, how§v»r, the bam! hf^atdrig «f the arti ii 
not eUmlnated, but only l«»intfb «^ud at the of aimplieltj 

both In design of tmmoe in tl^^trloal «|ulpi»ierit. 

Induction famaoes.-«-If a wll of ©op{^r wira ihrcHigb whioh 
an alternating ouirant h p»lng ft In iKmllifin fumr a 

^ ieoond coll, but without touching it, a ourreiil la “ iiidiumi in 
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the second coil. The loss of power is small, and the respective 
currents may he varied at will, as they are inversely proportional 
to the number of turns in the windings. This is the principle of 
the transformer, by means of which it is possible to transform 
currents of low -voltage to high voltage and mce versa. It is 
obvious that the secondary coil may consist of any ring of metal, 
and if such a ring is contained in an annular crucible or hearth, 
and the resistance of the current induced in it is sufficient to 
raise the temperature to the melting-point of the metal, then the 
transformer becomes an induction furnace. 

From the electrical point of view the induction furnace is very 
much more efficient than the arc furnace, but from the metal- 
lurgical point of view it suffers from serious disadvantages quite 
apart from its high initial cost. In the first place, the annular 
shape of the crucible is far from ideal, especially where refining 
operations have to be carried out depending upon reactions 
between metal and slag. In the second place, the furnace can 
never he completely emptied. A cold charge does not form a 
sufficiently good conductor for the secondary current, and it is 
therefore necessary to leave a portion of the preceding charge in 
the furnace. This means that it is impossible to use the furnace 
for melting alloys of varying composition. In order to minimise 
the first of those disadvantages, the Kdohling-Rodenhauser furnace 
has been built with two or three annular crucibles, instead of one 
as in, the case of the Kjellin and Frick furnaces, which meet in 
the centre of the furnaci^, forming an open space in which the 
necessary operations can bo carried out. The furnace is shown 
in section and plan in figs. 13 and 14. 

From the foregoing brief description of the electric furnaces in 
use at the present time, it will be seen that furnaces of the arc 
type are essentially refining furnaces, in which the heat is com- 
municated to the metal through a layer of slag. While this may 
he an ideal condition for such operations as the refining of steel, 
it is of no service in the molting of alloys, for which purpose 
the intense local heating of the arc is totally unfitted. On the 
other hand, the features of the induction furnace which have 
militated against its adoption in the manufacture of steel are of 
little or no importance in the melting of alloys, and it is to this 
type of furnace, or some modification of it in which the heat 


ef KlwtiU. rtin.a. 
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w din'i^oporl in {-In' inut.al hy raHintianco to an oloctvic 

currmit, that tlu^ inaiuifaf.turtu* of alluya miust look for tho 
HUCooHHful uliH’.trio funia,(M\ 

Itoan, in fac^t, Im olainu'd that tho indur.tion furruuui m already 
boinp: UH 0<1 Uiv ilw uii*ltinf.c, if not for tho riHuiuraoluro, of alloyH; 
for in HonuMif tho t ‘mitinontal ntool workn it Ih buinj^ omployod 
for uioltin^^ forn» an it in Hiatod that (aaiHidornblo 

tmnnoinioH r‘an ho oilboti'd by ( ho addition of hnn'o-inangancHO in 
tho luolton Hlato ti» tho luith of ntoed. Whotlua' tluH in ho or not, 
(,h« facjt that an alloy ho r«»adily oxidiHublo uh forro^inanganoHo can 
ho luaintainoil in a uiol(i*n ooiuUtion ft)r any longth of Uino iw 
HUllioiont jUMjof of ifH lulapfahiUt.y to tho molting of alloyn. But 
numt alloyn puaaoHH a highor conduotivity for olootrioity than 
form inangnnrar, him! thi s m porhapn Iht^ wonkoat part of tho 
hidutUi<ni furnnoo. In ordnr to molt alloyn whicdi oiler littlo 
nJHmtaiu'o (.<1 llto parmgo tif oltM-i rifity, vory largo. omnaadH mimt 
im oinployoti to raiao tho toiuju'nU mo Hulhriimlly to nndt thoiu, 

An ingoninuH furnaoM hioi bron iloHiguml Ijy Ur (’arl lltuang, in 
which ho tdiliHoH ono •»{ (ho ph«atfnoona obHiu’vod in tlu^ inclurtiou 
fitnuuas and known H i tho *U‘i*o-h oilrid.’* 

When an cdontno onn ont IIowh ( hroiodi a moll on oomlnotor tho 
olootmnmKJiolit* lurorH ooming inU> pluy oiuiao it U» contract in 
croHH Hortion, and if nsio part ‘»f tho r(Midin*t<»r in aln'ady Hinallor 
in orcmHHooiion that4 thf (a oondition which frcHpimitly ucctu’H 
in an intluoiiun furnnoo, dno to tho n^pairing ttf tlu^ crurihlo), and 
muTmibi of largo amporago ar«» todng t^mploycHl, tJio ('.ont raotion 
natttmlly lakoi plmro at I Ida f Hont atid may load (t» an aotiuil 
ruptnm »tf llo* OModio'lMr and inf orrupt inn of tho mrront. ThiH 
tuintraotifiii mi h'|uid oMudu»i«a.n m tho photo»mout>in ktaavn an the 
pitioh ofli'ot Kn Imho H t t ho onudut*! or i'» not nc’tually hrokoti 
tho pinch oHrot iM-.&y bo ntdr.^'d }m oib-of ourululiun of tin' mtdal. 

Thi oontrin'UMn of ilitr- oM|gduof»a r.uoo -i; tho uiotal ut tho rontn^ 

to How, and, a.n tho oMudo«iM< r-^ hmv. Mouilb'r than tho oniifaiiung 

Vai»t4, ffcdi inot.Ml is-s till np tho. llonot* tho motiim 

btkwi plaoo m MHO dirooiiMij ?h I to- ooniio ni I ho I'Muduotur, nud in 

the du''o»’! iMii on th*- oaitrodo, )i.:s by tlio iirrtnvH in 

tig. 1ft In iho Hotang fmnaoo ivalorn^dt^l tderirodoM arc 
cnihf^hlwi in tin- foin.^sor, aaol w ii«iyntii.lnttj with tlic 

nmin niaM4 of jortid an llio oriirabb^ by monnH of two narmw 
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ohanuola tUkd with tlni uif«U%! Ut iiudtei. It if* lu iihaiuii^U 
that tlu> hmt ii* gf^owiikMl n-iid fn*ni lh«^m iIp^ umm nt miilal in 
thtj oruoibUik ki^pi in tnntitm. Fiic. It* 4iagr#nniimiimllj 

this imhx fimUirt-'s uC th« lltinng m ihtr^ for 

battnm iKUiriug. mtm id tlnudmunnh 

Iho mtfUl in thnni in ln*alr*4 wiihont Oi** nmi of lumvj 

ourronta. Moroovor* mnm m tln^ nH^tnl is 4 1 h*^ rlsiiuurlH h iu«lt«d 
thtj pinah (dFrat mtm^ the* luil. uu>uU j=n|Utrt.rc| into th« 

oruoibband ita pks»p tak^n by lUK-iitl* iIi.; 4 ! r<iuiph4.o«imU“ 
ktinu and unifnrm bitting of ib«‘ 3 «p 4^*I ns ib*" »n?n*sblr ns inns t* ruth 




It la too oatly Ui ^jnsak with tmy lu ihi^ |imotieiil 

wotklog of tiik furnaooi hut it nuriiiinlj to i^inibmo iltts 

advantage of tho aro and induotbri witluHst tlndr dw' 

advanfcagois, Thorn k no Itaml ho^asnu i*?s m th«i of 

th© aro ftirnao©! tho boat bntug m ilm sufiial ilaolf ns 

th© oas© of tlio induotion furna^, lliiUko tho iuductimt fiirfno*r, 
howover, tli© tmuitomir doti not Imm a part uf iho fnrnaois 
whojro it is slwaya Ikbb to datimgo by hot tii«iah but k 
dskobod. further, tbi nmM mn bi in*air4 .mt of 
©outsat with air w Umgm gmm, m tlmt mithium i rn4sliht.i HhmU 
be reduced to a minimum, 

Ab rogarda thi wmtruotbn of itm tnnmm In niinp!*^ md 
the imtW ooat themfow Im, The ^huivmlm biin^ of motiil arc 
> ^ burnt sway ss in ttm •niwn «if tiurbsu oh-uirswIt^M* 

' Whioh form such a mthm item in lit# mmu uf art’ 




INTU<H)Ui‘.Tl{)N, 


2Ii 

Workit)|J!:<*n.s(Hiu-c»Hfutl tt# luw, mid if ih rlaifnul Hjiit liMav, Iihsu-s 
arc rcHjinnnl hi nM*lf I c*wt. of l.r ? or, hiluujt tin? of riiurtii 
at Jci. }M'r kw honr. tnl. |M’r rwi. 

In tho nianufarl nr«’ oi alloy s on a finals it in not ahi u h 

easy to prcMlurt* a iniilurn Mf' liijiforiii ov «‘0 ivifh 

oarnfol Htirnio*, HU«i iu prarhoo it i.i ofhat 4»^Hiiral4o, if 

not nnmwuiry, !<» r** intuit iho alloy u tinii'. l1}o ihllsruliy 

is gmito^t whoH fho aiof 4'i to ho all.iyr.i fiavo ihllon^lil 

moltinit hulljrl io.'ir:j- »•.! if Ola- of fhr^ ISa*|.ril';i 

ia Yolatilo. In 'o^lor to rrjuro thr', as!!5'’uiiy to a mnniunm llw 
puhUnotalH aro Ho!. Itu.o ihia-, lail pt>f’tionf4j 

wh(mO {aHil|M»:OrinH la lilOHMl, lUV Uv'.o4 fu faalu" Iho food 
For osarnpln, in tho rano of i^rnoaH ralvrr, s^lnvh lu of 

oopfairi )iurk«‘I, lunl tho ^/hh* iMi4l.ii at 4 1 IF atnl thr hh4o| ml 

1427 , lual it ondoiit ilMi?. if tho Ihrrr inoSaln p!;i?‘r4 hi ft 

oruoililo am! iniumi fu Iho io‘s'»-^'‘-‘ary lrroprr,!d?iio ho'-o f*i iho 
would Ih* Itmt by vo!:if hobit.^a - .hU 4 -.::.r.| 

To oviuvonm llu?i liiilo’ufiv- Ch-!Si^:in »^:hrr , ■.. uorb« bv ju- 
fcogothor an alloy of fui>| tMi‘lo4, n^i'a-dlv o!» 

|>ar aont. of vnvh no-lnb and brinv-i 'i‘lo* hn 

a lowor HM-Uiiii- |,..sut rUan porn un-lU, v^lnl* !hr^ brAma 'Um ^ 

higher posMt ihfiu ilio inodHoi pojui# l^y^isiii 

tlpiH rnoro ijrarly ablio f,ho ho.-!. 4^ ar.-^ Hsor^i rr^idily ai||o%^p4 and 

Urn loi^ of mu* !y %u4nitU>-:%ftu:u w vrry nmlrntmllt rr4uct4 

Another tUUftoiify HM'i wiili m Hirdimpt fnr!#l« form ivsl-'V,-) t- 

thfl luiblllty of t||«» h-t S .‘s 1 1 « I 4 I, ftH-1 ih's^ ts-T' ■ C . ? 

of gtmh th^l if. -li 

Wfell kno^h fbftf Map.ibl*-’ of al >*^^0 4 r .r;^^ 

orallo|iH|? Willi o.-tM Ir..,,'-!- i4 l|o-i uith u.^nl 

injurlims ihi^ f 

isiklw k of moi«^ 'ti ■-■ fb.in 

Th«1 blflm'tKo of -4 i:. If' U ;o’ ' o !oo% : :' ^ 

moUitlll a amall SfpnMit ^ 4 \ :>1 ;o ^ ^ .t 

furiy |irt?i?anliimfi i.o pn-'^ ^-of 1 4> ir.- ■>.:; f .: ? 

to ilui'k 4 :/‘ h ..^ ■:,o 4 i ,: V - H 4 . 

laiifW aibbd lo !|: 0 ’ iu Au t. : ,4 iu ibf? of 

tte fiwtol k fmu-.xfknhir-^ ;U,4 .•aoso4 Iml lu im mm^. Vmf mMW 

tiwi llil.<^ irM’rr'.A-n ^va :ih« £|ft-4jj|4fy of m mm fM#t 

llt'IcilirBt'WJfl Hi iln pf t .s.> a I ■i''p,i;i 1 . al Mail Hlicii al<ii9'i--:l. .' .. o.. 
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WIWJ finit H I at ntrrl jt 


ruimitojily 
vi:s-'5 iltij 


ffp? illsUSi 
\\r ■.i'riUv tii^ lit ' 

is»t • u'-'l? liMt rimr«*lj 

iUut"h H ri ^si 'M' :4|*|»;ir4iit by 

» • »iM 1 4 .-J “ '. 'U ■ '^ fiM' « f ^ l/<! Ij uitli |;,b 6 


HUtol that thr 
moltmg"|K>int fh*^ 
hoWttVt^r, |)rc>vrd tlisU th* 4> 
an iiicummi in thr ilu^hfy* 
tha hc‘ufc (irmitiis't'4 by tin' 
aUinunluru. 

hi unbr to pr<*u‘Ht ru iv^ ?lir< uirt-ih am 

meltotl ill gm|iliili‘ J «»ib .s bsy.. r 

roMin, or ath^r mrlHHfMrrtnu* |i^ Immt h 

UMod aa a aoviiriuif» il mrh--. s -.-r.iU .;ui4 iMua-j m |0’ohtalbi|c 
layor, whih^ at Uio iou«'< n /mv i«s*t4}bo 

ojcidim proHtnit and r4s’‘*t.4 »b ;uj lli«* niloy h 

Btimal with a rarimn m a p«iby 

tho gwim i^voIvihI Crmn l«» rr.bvu'** -.my raidt.^ 

pmont. In apItM of tbr«.r am 

fraqumtly formi«i whitdi am tr 4 nv ->.-4 by r^sb^u, and tli« 
dlfflonlty thou prt«itM lt^»df of iur^tal III tmbr 

to dffootually ftoo a undtoti timlal tU' allot iiom o%i4«s maHmwy 
that the dtautidiw^r nmnl tifiall bi'itt? n aibi^iit for cuiygon 

than the nnitat to «lrutidi*4«'*4i ^ and, ^oo’^ndly , Uiai any 
oI tho doo5ddiaor «vi*r that nrciwary U* t'--»ui|4»'irlt irmoti’ tho 
oxldo shall havo no injunoofi vlWi upon tho mHul it;udf, , A 
largo mirnlaT of (lon^blhir'rti luv now in^ioibit'fnrnb mui Iho 
following list (p. 2r| nivon Ihutio umni o^iisun^rody vnru-d, loKoihi«r 
the alloys for whioh thoy am iiio.':^i ^oiibibh' and ihr^ frirnt in 
wWdh feiy w§ emphtyoii 

Boron ii now lining iisotl a.ii a drs4tidi?i»^r b«r iu ilni 

produotion of wp|a.if nwUngi for r'k?si.ris.?.i‘il m-Mrk r'tdjk«< ihii 
other dooxIdiitWi bfiron Anm not ullny %ith r‘«p|N'^r* fli..d, thci 
addition of a slight dwia not inii^iir tlio *4b'0*tn.';il c^n- 

dmtW^ of ths cmppiir, 

■ ■:"■•- 6wddh« steuki only \m n««t m hm th«^ fnrbil fi ^nn llif- on 
’a?0l&hla o^laMon whioh plio^i.t mpu during idp» in*#.fii f’'i4r«dul 
meltlkgj e^d should mmt bo r§gim|pd m an siifalliblti r«^nif*dy f«r 
oarolosa molUngt Thi knnwhxlgo I,lii4t nitirhiii^^ii mm partial ly 

or wholly oiirsd should not hiiiclw^ tli# iiriotr^d prpimiiiipiin Iwiri^ 
o^Mat^ during milritig* Knmrmiw ptniiiliiim 
too rapid milting and mt»m|u^nt mmrhr-sitnrn «d iho 
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motiil, or by ovori'liaiYdiU? Uio fruiobb^, in ofUni inoonipletiUy 
roniodi('d by tbo a(blil.i<in of dooxidiHora. 

; IJntMl in form (tt 
F» rm * uiiUigiUU'Htt mui 

i4|>ipg»‘U'Ui4«in 

Ft rr<» mUrtiji luid ni]i(*i«lt‘a. 

F' I r“-*'idinuiu nUinicb*, 
i Ahuuiiiiuni lunl lVm»- 
i MhiHiiimiin 
' Fiai*» liunuim. 

' Ft’it«» vttinMliutiu 
l*hM'inh»n ^ luul 

tin, 

AbiiuiiMiutt. 

Jaihruii. 

anai «ir t^ipru aiag- 
ur-.nou 

r;drpnu ^bniiiuium fiklltiiy. 
r.Mfiunnu. 

i 'illUJI. 

^ tat, 

I 

Pouring and Oiuding Ir ban bnii^ brr!t ktittuu that tho 
UuitjH.'raturo at wba-li aad Hlb»\54 aro |HiuriH| hm an 

im|K)rt4un nillut^ntH^ nu thnr ua-^'laiun’id |»rM|»rrtirag mul thn moit 
Muitablo m?iting bu‘ any jmrtanikr altey hai been 

clotenrnnwi laiUndy by itmtiijral Tliiw in a laok 

of ilrllnito infariaaluai im ilia ioib|*nt^ Init f^iiiguiuir i?i r«*Hjniimibb' 
for HOino iniwa:titU|.t olaiarvatioim and r'%|>i^riinaiii»4 whioh di»Hrrvo 
ftlUaition. Ilo t'lfr-'i ?b»' t'fina uf a |onisb«-r of 6';o4 Ui.»n trai |dt»roH 
oant from a b ion ladif' dmioi.* -.ui ■jnt’'i^u! of hftnoi niiuntoti, 
Tl*atwvarm» on bus !5 V sn-. i-> I m <,u f-uiiiiMniH 5 ft, 

apart variotl ftoio 2*? u* .'F% r^u 

Anotlil^r «oriris of «n|.«sa?.nirn!--{ on a I'dF.v, ubtaiM vxmi 

jMtailion is not i^ovrin febo%\r4 ir-nnii, froin 

12*6 in *iib*i toiw par n>| m , nji4 rMnr^^l?»»n l:n^ olongittnoni 
varying fi'otn r* 'll to ol b a«-nl a bn^j^Mh of b uih. Two 

^xamploi aro aUo s|no|r(l it*! whirls l^dr^d tu tncrul tint 

ntipilircsl a|a<«dfb»aUotn but bn^krii ttp atid rr itadlfftli wiilimil 

any fiirth«>r addiha»ii of tuvUii, mml im«l al a 
gavf prfforlly ^latsnfcoiory r«opdi-% 


Alby, 


Ifiiji allayw . 

»l M 

O O • 

f 1 M • 

H O ' 

IS 1 1 

M 

M 

n 

nilvnr 

Hilvt’runmt^r ttllovn 
Abnrtiuiunt alloy r» 

M ' * 


I jilruM*. 


! Muhg;ltir,n 
Ntlifjin . 

o'lUrium , 

I Alutnoionn 

■ Tttiinimn 
‘ V^anadnmi 
|*h«* H*t 

Abnnitnuiu 

fiiUtniit . 

Zm«? 

AtaiigfOnri*? 

Magtirtsintti 

('lilnitm . 

.111 fit 
I’lMr.I.ljM! tj*!i 
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TiOngtnuir ban tiuulu a tiuiiilHir <if expt'ritnonUil oantiiugH with 
various alloys, auci tlu^ furuifH iti tho tablo show hin 

rosuUs, '!'l»o fbcuri'H o\plniu and it in only ncocwHary 

to add that tho cpmutitv of alloy nudtotl wiui iu evnry tmao over 
50 Ibfl. iu woight. Inirn \vi*ro onHt at a launporafcuro, 

and tlio inotai nllovvoil li) oocd in tlio onioihlo fnr a fow luiuutoa, 
A socnnd md. of thnu^ liarn whh thou <\ml, bdlown! aftor an intorval 
by a thini not cd thr*n«, llunio laHt boing cunt at ft, Unopuraturo at 
whioh tho inotai juiit ttuu. 

If tho alloy in cw^t at toit IukU a Uuiiponittiro it ptiHsonnoH tho 
o(nu>ia BtruotunMdiarantoriHtio of a nlnwly oouhnl tnotal ; whotoan 
if it is puuroil at t<»u luw n tintipiuuUtris uut only in Utora risk of 
tho alloy Iwaondn^^^ parfially mibd, or tho Iona fuadilo oifUntituontH 
sopfimtitig out, la fMrt* pMnroi,.,% but nliio it uoUdiflt^ buinediataly 
on ocMuini^: iu tajuiuot with tln^ lofOiM, with tho muilt that then^ 
is a lank of rolo^ unu uj tht^ Moroovi'r, on Hoooimt of tha 

claoroaaa in tho Ibndily s*f th*‘ alh»y nl f sonporatuvoB only slightly 
above tha nudtmg jHhut, si h\ li.tbb* to nnrlMho {.ruits, shig, or 
charcoal, which in isn-tbla lu ilont to th" loufjou*. ‘tha rt'uilt is 
an urmouud ingot whudi onodiH whan rolhnl. 

Tha prupor toni|Monturo of oit^ituig w»»nld opptMir to W? nuah 
that tha nsould io mnndy filloil with ni<4ti^n ntoiah whioh bagiim 
to solidify alio‘*5^t innnatlktaly iifirr the pouring ia ooinplotad. 
Detonuhnitiotta of tha cfuiting iitiii|)oriitvirti of itmurlanl iilvar 
carried out at tlso Royal Mintaht»Wf.Mi that ihii average ton[aira.turo 
WM nearly intr t|io inlliiil frmming-|H4nt of tlia alluy, or 

about IIHO"*, io^d tlib Wiiuld wiam to hi a iuitablo tliflaranec in 
tcrn|)cmtur«*‘ fur niluya malting in tha naighlMnsrhcHKl of &00*, 
In tha Ciwa of alluyw with mofh iuwar ifmU4iig*fR>into, whbh 
would (MMil more -^hoUv, tha bt??woiut the iiui! ting -point 

and tha cii?itnig i»ntip»-s cd5is'*^- t tui wiih jtdvaufaga Ih* deorwiaad, 
Thui with alumtniuni alluyn im anti fdloya of 

lead and tin, thn tiiiatsng fssoions&iuro §shoul4 ha only alightly 
higher than tho mitial froomng |»*onL 

Olwidy roinionio'4 with tho im.?4ing lompi'i^iilnro m the mto tsf 
cooling of the alloy, a mnih^r of vitj gmit iicnamlly 

«{jeiking, alow ^^oolisig pro^lnc«fs a krgo gmiis, a ifcniot«rt% 

and nilailwly Vimk mhty rapid coaling giwi t i.tt# 

itruoturi and a utrongiir, hiil mmB «dlyy. The rate 
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cooling is to a great extent controlled by the temperature c 
moulds. These are frequently heated in order to preven 
rapid cooling, and in some cases it has been found thai 
temperature of the moulds is of great importance in determ 
the quality of the alloy. An example of this occurs ir 
casting of certain antifriction alloys, which will be consi' 
later. 

Moulds. — Owing to the extended range of temperatures thr 
which different alloys melt, a variety of materials are avai 
for making moulds. Iron, brass, sand, plaster of Paris, a 
number of other materials may be employed ; but those 
commonly used are iron and sand compositions. Alloys inte 
for rolling or drawing, such as steel, bronze, brass, German s: 
magnalium, gold and silver alloys, etc., are cast in iron mo' 
while those which are to be cast into objects of various sh 
merely requiring to be finished by taming or filing, are ca 
sand moulds. 

Iron moulds are made in two pieces, which are usually 
together by clamps or by a ring and wedge device, intend' 
facilitate the removal of the ingot. The interior of the rc 
is either oiled, blackleaded, or smoked before the alloy is pc 
in. The foregoing remarks do not apply to ingot moulds 
in casting steel, which are of special form and do not receive 
oiling or other treatment previous to casting. They are ma< 
grey Iftematite iron in the form of truncated pyramids of 
desired section, with just sufficient tapering to allow the m 
to be easily removed from the solid ingot. The second pa 
the mould, in this case, consists of a cast-iron bottom plate i 
which the moulds stand. 

•The material used in making moulds for ‘‘sand castings’^ 
mixture of somewhat variable composition, but usually com 
about 5 per cent, of clay, 1 to 2 per cent, of iron oxide, and 
remainder of ^ean sand. Where fine castings with a spec 
good sur&oe are required, the surface of the mould is “fa< 
with ffour or a mixture of flour and charcoal. 

The pattern*^ round which the sand is moulded is usi 
made of hard wood, and is varnished or blackleaded to ep 
it to leave the sand easily. Allowance must also be made 
the shrinkage of the metal on cooling. In casting alloys s 


corners or angles should be avoided, as far as possible, for a 
double reason. In the first place, such patterns are difficult to 
mould; and, in the second place, sharp angles give rise to a line 
of weakness in the casting which may result in fracture. This 
line of weakness is due to the fact that ci^ystallisation takes 
place in a line at right angles to the face of the mould, and it 
follows that if two faces form a sharp angle the crystallisation 
starting from both faces will meet and produce a line of separation 
which bisects the angle. Prof. Turner states that a moderate 
internal pressure will frequently force out the bottom of a 
cylinder in a single piece if it has been cast with sharp corners. 
Por this reason rounded curves should be adopted wherever 
ppssible. 

After-treatment of Alloys. — When an alloy leaves the ingot 
mould it is subjected to a number of operations, all of which affect 
its properties to a greater or less degree. These 02oerations may 
be described as (1) mechanical treatment, such as rolling, drawing, 
spinning, etc, ; (2) thermal treatment, such as annealing, chilling, 
tempering, etc. ; and (3) chemical treatment, whicli may be 
merely a cleaning of the surface by pickling in acid or alkali, or an 
actual alteration in the composition and character of the surface 
of the alloy by pickling or by cementation. 

The influence of these operations will be considered separately. 

1. Influence of Mechanical Treatment. — All metals are more or 
less compressible, and in the light of recent research it would 
appear that compressibility is a periodic property, and closely 
connected with, if not proportional to^ the atomic volume. When 
subjected to mechanical treatment, such as rolling, hammering, 
or drawing, metals and alloys undergo compression and their 
mechanical properties are altered. The metal becomes stronger, 
harder, and more brittle, or, in other words, the tensile strength 
is increased and the elongation decreased. The practical applica- 
tion of alloys hardened by mechanical treatment may be seen, to 
take a single example, in the use of standard silver for the blades 
of dessert knives, fish knives, etc. These are manufactured by 
hammering, or, in the cheaper varieties, by “ bard rolling.” In 
the case of alloys experimental data are wanting ; but it has been 
shown with pure metals that the greater the compressibility the 
more rapidly does it decrease with increasing pressure, and, 
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aaeonling tn La tlit* tt*rmila Hin'rittUi a! mululB hardoued 

to their tnaxiimun extfnit ahnnHt axat^tly thiuhlo ihoir strength 
in their nornuil or nofUnitnl ataiditiuu. IUh tigtirea for five metals 
aro aa followa t— 


Mdtsl 

Tt^unilu Htrau^jt!^ in Tons peir wq. in, 

Minimtim Ibinhum 

^ ^ „ 

Miaiuuun Hardnesa. 

Ooppar ", 

Nio&l . 

i6‘Hr 

mim 


CO ‘00 

Aluminium 

rm 

irrB7 

SQver , . . , 


24*1S 

Oadmium .... 

1*5H 1 

a*i7 


As regards alloyw, it In |n‘t>Labh^ that ihtm^ lunmit^ting of solid 
solutiom wluob, aa will ba unm luL rj hava Htru(^tunm similar to 
thoie of pure metals and are the iniiy idloyn aapaldt' of raceivmg 
muoh meohanioal treatment wiUiuut imirig prt^vluu?4y haatud, will 
behave in muoh the »atne way as pure uu tnln In sonm oaaoB 
alloys are rolled wbilo ho^ and in oihem they are rolled cold. 
Cold rolling produoas a greater degnH> of hartlni HH than Imt rolling, 
and the maximum hardnwH is prtHluotHl by oald tlrawing to form 
wire or rod. The oondition of rnaximuin hurdnoHa, however, is 
not a stable one, and Lo Chatolior Imn shown that a metal which 
has attained a state of maximum hard mm hiHUunos gradually 
softerjn the oourse of time. Thus witva of silver imd ouppor 
tested some hours after drawing showml a tieorcuiMo in strength 
of 2 to 2*6 tons per square inoh from thcKio tostod immediately 
after drawing. It ii evidont that this ahange, wlYich Le Chatolier 
has aptly desoribed m spontaneous annimling,” is of the utmost 
importanoe, and irodism kmte made on hardened metalH of more 
than doubtful value, Mop?ov©r» Le ChateUer*s work was carried 
Viry soft metals in which tlm ollort of the metal to return 
to its. normal aohditlon merely produoid a softiuung ; but in the 
case of harder metals and alloys the rejiulte art^ very muoh more 
serious. The forces coming into play are ^ oonsukrablo that in 
the course of Mme the metal suffers deformation and in many 
oases actual fracture. This pheuameuou k oommouiy known as 
^ttcasou oraoklngd^ 
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2. InfliiencG of Thermal Troatintmt;. Aff.(a‘ HubjiuikHl t:o 
rneohauical fcfoatmeut luetalH and alloys arc uHUally too hard and 
brittle to he of \m\ aiul it 1 h lu^ta-HHary (o noftoii Ihmn by rohoaUng 
or amiealinfi;* This ofua’atiou in usually oarrird out ait, her in 
closed furiiuiooa of tlio mulllo typo or in rtn'i'rb(*mtnry furnmam 
(under rodiuuii}^ {umdiliorm) when Hut hI/o of tho piocoH to bu 
annealed clooH not ponnit. (»f I ho tt.Ho of a innlllo fuianum, Vary 
small ohjootH, Ntudi as pitu^^s oi Htuudard nilvi'r io tisod for 

jewollory, aro somotiinos aiinoult'd by dimply ro?n( irijr tboiu on Uio 
hot coke in the open funtaror boroMndy tho oporaiion rd aunral- 
ing was carried mil in tlu^ onuloit ruunnor, btii witlnu roomit 
years the importaneo ctf t ho Hnl«j«*rt bun boon roalmod, with iho 
result that amK^alini^ furiuo'os havt^ boon |»?ri^atly iniproviHl, and 
it is now poHsibio bJ eurry out tho proor»mi with pmotic'idly no 
surface oxidatitm or nltcn’alion of tho noUHt 

From wliat has alnwly h»H*n said with to ‘‘Hpontunmms 

annealing’’ it follows timt Miorn is tm dosinib* tontp*’rnt uro ubnvc* 
which a metal or alloy run b ^ miftonod b\ luntosbuft d'hi» oltanp’ 
takes places gratbmlly but ostrouiidy ^hns ly at ntnnnnl tofojKn’u 
turcs; more rapidly as tb«' tenipomtnn^ ri =» 4 , untd a totiijanaitire 
is reached at wiiieb (be rhango takes jdai-e nUwmt iuHtHufunroimly. 
For practical pinposen, however, there \h n tionperaturi^ for fivery 
metal and alloy below wideh amtealing ia utipriieUnabln on ao»unt 
of the hmgth of time net'o^mry f«»r it to roiteh ibn nM|uira«l eon 
dition. The annealing «»f hram at dtfibrtntfe tnfn|an*4tnrea has 
been thoroughly inveHtigaletl l»y i1mr|»y, and Iuh result h are dealt 
with in tlm (dinpter on bnwH. Morn recently th«' ^mbjeet him 
received tho atten tit Mi t»f Maiweef and Hnnc\ 11 h» latter ha»« ilimlt 
specially with tho aunenling «»f eimrt^'n ath»yM, ami ban th^terudued 
the ternpe^raturoH at wliitdi fiofnaonv: b' ^tni'j fo be peret^ptildn in 
coinage blanka, togethtu* with tlo n'inperutorr' rn wlneh ^ nftt'ning 
is oompluttKl in thirty minute?* and ns ir , li fb.in ♦ain unooie Hin 
results are given in tlie^ billowing iisid«’ tp I h 

If a metal matiumlwl at too high a toin|teraliire il“"i ne >di ijiieel 
proportica are injunonidy afleeted, anil st tlo-n freipiniily «h? 
sonbod as ^U'iunitd* Thin wi^rd iiis 110111*^% bat bKwelj einpbiywd to 
describe any dotarhiration t»f noHdiitidral {iro|mirtk» tliiii to 
bg, and as suoh doierittridioii nniy Iw ikm to »t¥«ril il k 

neoeseaty to diitingniib Uiiim* 
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word “ bufttt ” ft* ftp|>li«4 to il i* n, ntbiu.im'r, If, it 5 . iW *?%’«»!*, 
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In the case of brass excessive annealing is accompanied by 
volatilisation of zinc. This in itself is not burning, but the subject 
is imperfectly understood and requires further investigation. 

Annealing is usually followed by slow cooling, but in some 
cases rapid cooling produces a softer metal. Examples of this 
are to bo found, in the case of pure metals, with silver; and 
in the case of alloys, with magnalium (see Chap. XIII.). The 
alteration produced by annealing requires time, and takes place 
more rapidly as the temperature is raised. On the other hand, 
impurities render the process of annealing slower. 

The properties of some alloys are profoundly altered by chilling, 
quenching, or rapidly cooling from a high temperature. The 
object of such treatment is to fix or maintain, as far as possible, 
the structure possessed by the alloy at the temperature from 
which it is quenched, and it follows that the treatment is only 
applicable to alloys which undergo a transformation or molecular 
change on heating or cooling. It also follows that the effect 
produced by quenching will vary with different alloys. Steel, for 
example, is hardened by quenching ; whereas the same treatment 
applied to bronze renders the alloy softer and more malleable, the 
rapid cooling preventing or hindering the formation of a hard 
constituent, which is always formed in a slowly cooled sample. 
The temperature from which the alloy is quenched ^depends upon 
the temperature at which the molecular transformation takes 
place, and must, of course, be above that temperature. The 
tendency of metals which have been cold worked to revert to 
their original condition has already been referred to, and the same 
tendency is always present in metals whose properties have been 
affected by sudden cooling. They are in a more or less unstable 
condition, and it some times happens that changes do actually 
take place. Such changes are usually described as “ageing.^' 
Examples of this are to be’ found in many of the alloys of 
aluminium which are softened by quenching but gradually 
recover their hardness. 

The structure of an alloy can never he absolutely fixed by 
quenching, for the simple reason that the quenching can never be 
instantaneous and the efficiency of the quenching depends on the 
size, or, more strictly speaking, on the weight, specific heat, and 
conductivity of the alloy to be quenched ; and also on the tern- 
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CHAPTEE IL 
PEOPEETIES OP ALLOYS. 




Density.-— The density of an alloy is influenced (1) by the purity 
of the metals of which it is composed ; (2) the mechanical treat- 
ment it has undergone ; (3) the temperature at wliich it has been 
castj and (4) the rate of cooling. These facts may to a great 
extent account for the disagreements shown in the work of Mallet, 
Calvert and Johnson, Matthiessen and Eiohe. Their work shows, 
however, that the density of an alloy is seldom the mean of the 
densities of its constituent metals, sometimes being greater and 
sometimes less than the mean. The mean density of an alloy 
may be calculated from the formula 

j,_ (W + w)Dd 
Dio + dW ’ 

where M is the mean density, W and w the weights of the con- 
stituent metals, and D and d their respective densities. The 
following alloys have frequently been given as examples of cases 
in which the densities are respectively greater and less than the 
mean : — 


Alloys whose Density Is less tlian Alloys whose Density is greater than 

the Mean of thoir Constitiumts. the Mean of their Constituents. 


Au and Zii 

Au and Ae 

Au ij 

Sn 

Au 

,, Pe 

Au „ 

Bi 

Au 

„ Pb 

Au „ 

Sb 

Au 

„ Cu 

Au „ 

Co 

Au 

» Ir 

H „ 

Zn 

Au 

„ Ni 

Ag „ 

Sn 

Ag 

„ Cu 

„ 

Bi 

Fe 

-- 

•Ag » 

Sb 

Fe 

tf 

Cu „ 

Zn 



Ou „ 

Sn 



Cu ,, 

Pd 



Cu „ 

Bi 



Pb „ 

Sb 



Pt „ 

Mo 



Pd „ 

Bi 
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fiuii Ni‘vil|j‘ kruvn drawn atUnition to tho alloy in the 
nilver ^.iiH^ (Mh .I'iMuhu*^ !u thu furiuula AjjjZn, which in 

oa[»ahIt} of ic«tinui>‘C a red r-ujiiur when hruted tu about; .'iOO*' atid 
Kud'Ieuly chdied ; and it. h:ci ai-u) hrm shown that l)io corrcnjHjtuh 
cadjniuiu alloy A|d‘d baa a de Unct anil Very bra-utiful pitdi 
colour. 

All thf*at idloya nre fbrmMd !»y fljo union of dofbdto atomic 
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In connection with the use of coloured alloys in art-metal work 
a brief reference to the Japanese mokumS (“wood grain”) and 
inim-nagashi may not be out of place. An effect closely resemb- 
ling the grain in wood is produced by taking thin sheets of various 
metals and alloys, such as gold, silver, shaku-do^ sliibu-ichi, etc,, 
soldering them to- 

and hammenng 

the whole until ^ " \ ' 

flat, or else ham- j // ml/ ^ 

mering from be- ^'**^'***^'@1 
hind and then fil- 

j , , Fig. 17. —Japanese Art-Metal Work, 

mg down the pro- ^ 

miuenccs. The methods are sufficiently well shown in the two illus- 
trations (figs. 17 and 18). Fig. 18 shows t^ effect of these banded 
alloys in a bead whicli is only three-quartets of\an inch in diameter. 
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the relative hardness of a number of metals was dotermined as 
follows : — 


Manganese . 

. 1456 

Gold . 

. 

. 979 

Cobalt 

. 1450 

Ahiiniijiimi 


. 821 

Nickel 

. 1410 

Oadniinm . 


. 760 

Iron . 

. 1376 

MagiH'.siuni 


. 72() 

Copper 

. 1300 

Tin . 


. lifil 

Paladiuiii , 

. 1200 

Lead , 


. 570 

X'Jatimim . 

. 1107 

Thill If ion . 


, 565 

Zinc . 

. 1077 

Oalciniu 


. 405 

Silver 

. 990 

Sodium 


. 400 

Iridium 

. 984 

PotaHsiuiu . 


. 230 


In the scIer(.)inGbor, as devised by Prof. Tnrni^r, a cuttinpj 
method is also employed, bub in this caso the liardnnss is mejisurod 
by the pressure which must bo applied to a diamond point in 
order to produce a scratch oquivalont to a sbunclard scratch on a 
standard metal surface. 

Brinell measures the hardness of metals l)y d<d.ernuini!^^ tlu^ 
depth of the indentation prodnctxl by a hartl spliej-o of known 
dimensions under a definite prossun^. This method is tlu< ono 
generally adopted in engineering praetic(‘. 

Ill an ingenious little instruinont iavtmt(ul by .Shor(\ and known 
as tlio Bclcroscopc, tlio hardnoss of a metal is moasuivd by the 
height of rebound of a small hainmor wliiolj is dn)|)i)eil from a 
known iioight through a graduated glass tulio on to the surface 
of the metal to be tested. 

It is obvious that the word liardnosH ’’ is used to doscribi^ 
different properties, and that the methods oiuployod to doUu'mino 
the hardness of metals do not measure the saino kind of Jiarducss. 
Resistance to abrasion as moasurod by the scliu’omotor is not 
necessarily the same thing as rosistanco to (‘.ruHliing an ineaHurod 
by the Brinell method ; nor do wo know doiinitoly the relation of 
either of these to the “rosilionco” as uicasunul by tlu' sch^rtwropo. 
In any case, however, it may bo eonsidorod as a gom'nd rule that, 
the hardness of a metal as moasunvl by any of tbn ab«»vc m^i bnils 
is increased by the addition of another niolal. 

Thermal Oonduotivity,»^Tbo powcjr of alb^ys to oondiu’t, himt 
has been examined byeovoral oxperimontara ; luit it wa« not until 
1858 that the subject was tlionnighly dealt with by Calvert and 
Johnson, who made a largo number of determinations, using alloys 
prepared from pure metals. The apparatus employed eonsisted 
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duotiyity of alloys may be said to have begun with the publication, 
in 1860, of the results of Matthiessen’s famous research. With 
regard to the conducting power for electricity he divides the 
metals into two classes : — 

Glass A , — Those metals which, when alloyed with one another, 
conduct electricity in the ratio of their relative volumes. 

Glass B . — Those metals which, when alloyed with one of the 
metals belonging to Class A, or with one another, do not conduct 
electricity in the ratio of their relative volumes, but always in a 
lower degree than the mean of their volumes. To Class A belong 
lead, tin, zinc, and cadmium. To Class B belong bismuth, 
mercury, antimony, platinum, palladium, iron, aluminium, gold, 
copper, silver, and “in all probability most of the other metals.^^ 
Matthiessen showed that the electrical conductivity of any 
series of alloys composed of two simple metals may be repre- 
sented graphically by one or other of three typical curves which 
are respectively straight lines, L-shaped, or 
metals of Class A produce alloys whose conductivity is repre- 
sented by straight lines; those of Class A with Class B by 
L-shaped curves; and those of Class B with one another by 
(J -shaped curves (see Chap. XYL). 

At the conclusion of a research which • Eoborts-Aiisten has 
justly described as classical, Matthiessen considers the nature of 
alloys and sums up his arguments in the following manner : — 

“ The question now arises, What are alloys ? Are they chemical 
combinations, or a solution of one metal in another, or mechanical 
mixtures And to what is the rapid decrement in the conducting 
power in many cases due 1 To the first of these questions I thinlc 
we may answer, that most alloys are merely a solution of one 
metal in the other; that only in a few cases may we assume 
chemical combination — for example, in some of the gold-tin and 
gold-lead alloys ; and we may regard as mechanical mixtures some 
of the silver-copper and bismuth-zinc alloys. The reasons for the 
foregoing assumptions are the following : — 

“1. That if we had to deal with chemical combinations we 
should not find in the conducting power of alloys that regularity 
in the curves which certainly exists; for on looking at those 
belonging to the different classes we see at a glance that each 
class of alloys has a curve of a distinct and separate form. Thus, 
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silver-copper), so that it cannot be a priori even approximately 
represented. 

“3. At the turning-points the alloys contain large percentages 
of each other. 

“4. At the turning-points of the curves the alloys are different 
from each other in appearance (crystalline form, etc.).^^ 

To the second question, “ To what is the rapid decrement of 
the conductivity due*?” Matthiessen says, “The only answer 
which I can at present give to this question is that most of the 
other physical properties of the metal are altered in a like 
manner.” 

In a later research Matthiessen determined the electrical con- 
ductivity of a large number of alloys and established formula 
by which the conductivity of an alloy at any temperature might 
be calculated. 

More recently Le Chatelier, working with greater ranges of 
temperature, has shown that in the case of metals which do not 
undergo any molecular change at temperatures below their 
melting-jpoints the increase of electrical resistance is proportional 
to the temperature. Many metals, however, such as iron, exhibit 
irregularities in the resistances which occur at definite tempera- ^ 
tures, and are evidently due to molecular or allotropio changes 
in the metal. Similar changes are also shown in the case of 
alloys. 

The electrical resistance of metals and alloys at very low 
temperatures has been studied by Dewar and Fleming, who have 
shown that in the case of pure metals the resistance decreases 
with the fall in temperature, and the evidence tends to show that 
at the absolute zero all the metals would be practically perfect 
conductors. In the case of alloys, however, the results are 
entirely different. The resistance decreases only slightly as 
the temperature falls, and in many oases the resistance at *- 200** 
is almost as great as at 1QQ\ The figures obtained by Dewar 
and Fleming for a number of alloys and metals are given in the 
following tables : — 
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Metals, 

Arranged according to Decreasing Resistance. 



Specific Ilesistance in Microhms per c.c. 

Temperaturo 
CoelUcient 
at 18“ C. 

Metal. 

At Boiling 
Water 

TemiJcrature, 
100“ C. 

At Normal 
Temperature, 
18“ C. 

At Liquid 
Air 

Temperature, 
-182“ C, 

Lead .... 

27-97 

21*96 

6*03 

0*00411 

Thallium . 

24*66 

18*76 

4*89 

0*00398 

Nickel 

19*42 

14*65 

1*91 

0*00622 

Tin . , 

1 8-30 

14*14 

3*40 

0*00440 

‘ * A ” Iron (Armstrong’s) 

15*73 

11*50 

2-34 

0*00544 

Platinum . 

14*81 

11*6.6 

3*34 

0*003529 

“H.W. ” Iron (Hopkins 
and Williams) 

14*63 

10*01 

1 

1*22 

... 

Cadmium . 

13*84 

' 10*98 

2*95 

' 0*00419 

Palladium . 

13*79 

10*88 

2*78 

0*00364 

Zinc .... 

7-91 

6*21 

1*50 

0*00406 

Magnesium . 

5*99 

4*65 

1*00 

0*00381 

Aluminium . 

3*57 

2*77 

0*56 

0*00423 

Gold .... 

2*94 

2*34 

0*68 

0*00377 

Copper 

2*22' 

1*68 

0*29 

0*00428 

Silver .... 

2*06 

1*57 

0*39 

■ 0*00400 


Lord Rayleigh suggests a possible explanation for the remarkable 
difference in the behaviour of alloys and pure metals, 'with regard 
to their electrical resistance, on the assumption of the heterogeneity 
of the alloys. According to this view, when a current is passed 
through an alloy, it sets up between the particles of the different 
metals a series of Peltier effects proportional to the current, and 
these create an opposing electromotive force also proportional to 
the current and indistinguishable, as far as experiments are 
concerned, from a resistance. If the alloy were a true chemical 
compound this opposing force would not exist. 

This explanation is undoubtedly of great service in considering 
heterogeneous alloys; but it must be remembered that, in the 
case of the most perfectly homogeneous alloys known, namely, 
those of gold and silver, the alloy containing atomic proportions 
of the two metals and corresponding to the formula AuAg has 
the highest resistance of the series, a fact which can only be 
explained by assuming, as has been suggested, that the Pditier 
effects occur between the molecules themselves. j 

The variations in the electrical resistance of amalgams at 
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thi at varhitiH I*<ir 4 **''j.i?nrr-J wri#i it-fnonnurd and tho 

roguUu |iliiU.f'ol ui tho ffti'iu m!' aonrii**, llsii .nio.dgoin Vt-im thou 
allowed to itmid at fh*^ of iiso i«u’ wooka, 

lt» r^ktane^ Wng niriinsird rv* 15 jo.-n.ni.' jt th«* rmm^ ri'injmra^ 

tUW* lb ww fmind timt. in*'* i *■;;■*■:■! U3»”I* ivil iduwlj for 

tha fimt bhr®a daj«, nu^t nq*:4ly lit!* run* nth, and thou 

again mor« akiwly. In #i.. 3H0 si r-a for tho 

roiktaimo to hwtimrt uirmly. A ^*-vond rN-iiMg uf dt-h-rnauHtioUH 
waro thuO uiado, whon it wim% ft*uu4 N..d ihii rorvo «u uhtainod 
diffarod oiitindy from ih« Invti. 

Many ailoinptn. hiivu Iwts^n nmdp !»» itwr?* utudugit»M hotwiou 
iHoUdlici i*ondu»4kin and itio r4i,Tlr«dytav^ 4 -«<«*«?.( ion uf wilt iolu^ 
bloui, but wi fur wlthmit iurar^^H. In I Hit I tl»'rar4iu etmduotod 
tOili ttpirimonli on icHlitim iinmlg:inu fr^’in wia«*h hn oouoliulod 
that th® mftfeak might bo iai.*pta’ 4 lM| hy itH'iOMi of au fdoatrio 
Qurrtnbi but Dr Ol»oli, who ropnita'd In^ o.%ptnnnioiig with groat 
oar®| was unabk to oblaiit any i?¥id«’iu ‘0 of tfi^tf'^Hnaisou of thi 
amalgam. la 188T the quo'^tion wm miain invmtigatod by 
Roberfcft-Attsto at th« r^no^t of tho Kkttr*dymi 4 Ckitnmittoi of 
Anoiialion. Ilo osj«irimruto4 uiKm idloya of gold 
‘iw told and tod limd placnl tn aivdsoii out in a tlro briok 
aw Jmfatalu^ la a molttn but wit ntisiUh?! to dotort any 

sspara' on wltbauitinte of SCIO amponia* It muit In? nuuiunbor'edj 

Ow^^, that at thi high lemppriiUirtm lunpltn'ril in tli^ 
experiments thadiffttiiottw ^ould 

_ pro a y be morA n to ooutiUirlmbno'o any oojuu’ation 

^ elcKibrlo ourpont. With refrn-nao to 
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raltUiiuH uf Uuui h'ml, utul tin* H]»hrri‘H rrprmnit tho nizea of tho 
Inuinn -of juid plntiiiiun «‘xinirlr4 froui iliu Hi'ctioim of the 
sii iilinwiL Huf t'ui vt H nu) pluttcid with diatanccH of 
clilUihiuij iv^ HUii tmihumU r diMUH sibHiMasee* 

A l> 



^ ' 

<J s« 

5 

I’HJ. 11^. nf Hm!*! ntni rifiHmnu b\ 

Tlni ii{?ti'nniiuiti*»im f»l k fui a frw inrtah^ nvn in tho 

foUowiii^c Uihia : 

! ! I 4* in ‘i.iiMii' fMiitinn'LreB, 

H.-iv.ial 1’. - « 


Qok 

i» 

Sll'vOT 

Load 

Gold 

lihodiimi 


Binmath 
. TItt . 





i*nr deiy. 


a *01) 

in 

B‘««7 


i Hii* 

; 4ii^ 

i ‘fi!» 

I 

a'Ui 1 

1 f»ht» 

4 f*U 

1 rdtr. 

im 

1 r*5r» 

4i4 

tm 

n-iH 

ftf.O 

a*iH 

aati 

3*0 a 


*V47 k 10-« 
►*! 'fiS H )t 
I t»«H H 
rufiK „ 
a •mix „ 
i.’uax „ 

4*7tix „ 

tvmx „ 
amiix „ 
a-fiix „ 
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I By way* of oompariHon with tlioBo figures the results nf some 
I defcormiiiations of the (lilHiHiori of niotals in lucinniry published by 
r Dr Gufclirie in I88;l have boon caleulatod by the same method 
!■ and give the following vjduoM of /c. in Hip ems. [)er day : — 


Tin in mercury at about 15*' 

• 

• 1*22 

Load „ „ 

• * 

• LOO 

Zino tj >1 

• p 

• 1*00 

Sodium „ „ 


* 0*45 

Potassium „ ,9 

* 

* O'.K) 

These rosults hav<^ nimm beim 

practiiudly 

conlirmed 


Hnm])hroyH, 

Diffusion of Solid U; juiH long been kiunvn that solid 

bodioH are capable of diirnsiuig hdo one another, and the old 
procuHHOB of (uuniuitation art^ Iuih^mI upon tins faet ; Imt it is only 
within oomparatively r(T,cnt ytoirs that the Huhjee.t has rtaauvetl 
serious attention from a tlna a-otieal point of view. In 18*h) 
Faraday and Hi odart, wliih^ e\ [unninenting on the allMys of iron, 
observed that Httud and pluliumn in the form of hundh'H tff wire 
could bo roadily weldeil at a l($in|au*ature ooiiHiderahly below that 
at wliieh either of tin? metaln alone would la* atie(g.(jd. They 
further ohserved that on «Uehinjg tluj welded masH with aoitl the 
iron appeared to he alloy I with tlui platinniin Mora than half 
a Gontury later (in IH77) ilhm-noir drew attention to Urn fact that 
if two surfacies of iron are heatcnl to alujut dTHF in intinmki can 
tact with one another they will unita. From this tlate the 
publioiition of researehes on the diffuHion of Holidn heeame mt»re 
frequent. In 1HH*J Spring dtnnonHtrated that allnys may be 
prcKluoecibycorupresstunof lUmv ooimtiinent metalH in a film atate 
of division, wliilo Ibdlnek in 1 S8S Hlinwed that similar renulk 
oould be obtaimnl witlmut, tln^ niil of prev^ure, but at Humewhat 
higher temperntures. In Spring nhoui'd (bat two carefully 
prepared surfaces of two ju'essfd tofoglMT and maiutainvvl 

at tomparatnres of from ituF to f(»r mp^it honrH wmild inter 
pouotrato and form alluy^^ at the junction of thi» twm melali, 

1 he first actual meaHitromtiitH the rate t>f diffuHion c*f nolula are, 
however, duo to Ur»bcrtH Am^eti, wiu» exlimdtHl Idi rcieimditm nii 
difrusion from the fluid hi the ntdid aiate, and In 1SP6 |mWWi©d 
the remits of what i« now Jimtly ooiwidorod m% nf fch« olatilml 
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researches on alloys. Ho dotormitioil the rate of diffusion, h, of 
gold in solid lead at various tt'iujs'nitnrtm, and his results are 
given below, with tlio rate of diffuHion of gold in fluid Jyad at 55Q. 
for the sake of comparison : — 


Diftuaivity of gold iu fluid load at C60* 

200 * 


M 

M 


M 

t* 


n 


105 * * 
100 * . 


a*i9 

0'08 

0*007 

0*004 

0*00002 


In order to doterruino tho raU^ of (Hlfiwiua of gold iu bad a 
the ordinary tomporaUu’C, dineH of pufi^ gold wi*ru nlaiupod to the 
ends of cylinders of lead *dH cm* in diiiumtur, and i\mm\ woro kept 
at tho ordinary torupurufcuro of the HtmtLHphcro for a period of 
four years. At tho end of thin time it f<mud that the discs 
of gold adhered to tho leatl cylindora anti that dilhmion had taken 
place. Slices woro cut oil' tho oyliudcr**, tho ilrfit 0*75 mm. thick 
and Buoceoding layers 2*3 mm, thick, and thorns wore than assayed. 
The first layer was fo\mcl to contain m much m 1 cm. 6 dwts. of 
gold per ton, wliilo tho ftmrth layer whn antimataii to ooutain 
dwt. per ton. ,Fruin those roHuIhi IhdvortH-Aujitau calculated 
that the amount of gold which would dilluNO in Kolid load at the 
ordinary temperature in oim thousand ymrn would ho rdmost the 


same as that which would dilTiHe in utolton hwl itt ono day, 
Liquation, —When two or more mctaln arc tnidtcd iogotherand 
allowed to cool it seldom happens that the nmulting alloy solidifies, 
or freezes, as a whole and at a definite tom|k*raturc, Usually one 
portion freezes first, rejooting another purtiou at dillcrcnt com* 
position, which then solidifioa at a lowor ttimpcraturc. This 
property is known as liquation^ and has boon made ixm of in the 
welhknown Pattinson process for tho ao|mratinn of silver from 
lead. In this process it will bo ronicti.Li-nul tlint thu Iciul oon- 
taming silver is melted and allowed to eti.d Hlnwly, tho almost 
pwe lead being ladled off as it solUlilioa, leaving a sliU moltoo 
alloy comparatively rioh in silver. 

° liquation has been lottg known, but It is to 
nrohlAm systotnatio iuviHtigation of the 

is anfllnJ t considers that the aoUdifloHtioii of a tnidton alloy 
the 4 1 ®'’^**^**’°®tion of a mass of imilten rock in which 

ti v „ * solidify before tlio mica. Bo, in the oaie 
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of alloys, a certain metal or alloy solidifies first and eventually 
leaves behind the most fusible alloy of the series. This alloy 
Dr Gruthrie calls the eutectic alloy. The constituent metals in 
the eutectic alloy do not occur in atomic proportions, and he 
remarks that ‘‘ the preconceived notion that the alloy of minimum 
temperature of fusion must have its constituents in simple atomic 
proportions, that it must be a chemical compound, seems to have 
misled previous investigators.” He admits the existence of com- 
pounds, but declares that “ the constitution of eutectic alloys is 
not in the ratio of any simple multiple of their chemical equiva- 
lents, hut their composition is not on that account less fixed, nor 
are their properties less definite.” 

The phenomenon of liquation has been long known in the case 
of the copper-silver alloys, and, owing to the importance of these 
alloys for coining purposes, they have received considerable 
attention. DArcet in 1824 and Mercklein in 1834 both 
pointed out that the alloys of silver and copper are not homo- 
geneous; and Levol, in 1854, as tlie result of a very careful 
investigation conducted on these alloys cast in both cubical and 
spherical moulds, came to the conclusion that the only homo- 
geneous alloy of the series was that containing 71*89 per cent, 
of silver, which he considered to bo a definite combination of the 
.two metals corresponding to the formula AggCug. 



Fig. 20.— Cubo showing liquation of Silver and Copper Alloya. 

In 1875 the question was taken up by Roberts- Austen, who 
repeated LevoFs experiments. He drew attention to the infl.uence 
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of Uio m(.ft of cooHuf; uu li<iniU.ion, nutl uliowod that in the case of 
an alloy lumtainiiiK U'jn partH of nilvor and 75 parte of oouper 
very elowly oool.id in a .-nlnoal tuoiiM 45 mm, in Hide, Urn maximum 
(liironmcoiii compoHiiion was only I p.m tlmnsand, tmfc as miioh 
as la [lor tli.nmimd whni mphlly ooidcil. lim (Ipmms are ^Iven 
ludow, (o-.;oUn>v with a dinKi'am (Ipr. 20 ), almwint' tlio poaitiou in 
tlu*. oulu* cuvn-HiuuMliUj": with tht* ussityH : - 


/ 


a 
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Y^rtionl 
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tlV.fi’O 

ivjb'i) 

nh'l\ 

is-rn 

VtlUii) 

iKltrn 

\iVtrQ 

y24 ‘Ii 
WJA'7 

024-0 

025*E 


VUuv 


I 1. 024*8 
2, 02fi‘O 
8, 924*0 
4. 024*9 
n. 025*0 
^ il 02frl 
7. 025*1 
H, 025*1 
0. 025-0 
\H>. 0*26-0 


/ a 924*1 
H 024*1 
7 024*1 
n 9*24*4 
t 024*0 
i 924*2 
n 024*2 
V 0 028*0 


Dip luiiiiiy, 024*0. Maximum difTaraueft tlm otuilro 

and tiuummaw) 1*40 |kt tlioiumud. 


Sona® yoacH lutor roi.iu-iuMl to tlut Hubjt'ot, and 

by ittoatm of oouliug auirvrm takou with Uit» nu'cu'diog j^yroiuotor 
nhowed that UwoPn alloy wan the^ only ono vvhioh HolidHlod at a 
doflnito taiuporatura, Uoyoot^ and Novillo, luid OHumnd have 
also ahown that LovoPm alloy Is tlut tru<$ rutoctio of tho serioa, 

Mr % Mafethey ha« invtmtiKatod tha litpiution of alloys of gold 
a^d ailvar ootttaittittg laa<l and %iria as obtninocl in tha axfci*iiotiou 
of gold by th© oyauid© prooc^ii, and bi« roHultn ura axtramoly 
important, Axx ingot of tUb iypa woigliing 120 om, waB found 
to contain 662 part^ of gold par thoumud at the bottom corner 
and only 439 at th© top. Another ingot weighing 400 om> and 
taioinar 10*4 t) 0 r oent. of lead and 9*5 par cant, of «iuc was 
the whole of the preoiona maUla, to ooiitaiu 
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gold 514'0 ]uu’fcH per ihoiiHainl, and wilvor 75'8 parts jior tilionnand, 
and ita value wan rtadcoiiotl afc iil()28. Tlu^ valu(‘, liowimu*, hh 
calculated from tlu'- nu‘an of fourl.cim assays on ilui in^ot wan only 
^6965. In the eano of and zinc Mnlith(^y found that i\w. i^^old 
tends to liquate towards the (’(uiirre of Ilu‘ inaHS, hut only Hliuhtly, 
An alloy contain inir 1)00 pa-rlwof ^old and 100 of zine in the 
form of a sphere 3 in. in dianud.<‘.r wau fouinl to ho only 1 to 2A 
parts per thouHand riiduu* in the (umtro than at the outside. 
Lead behaves in a Hiinilar uiruuum; hut tlie litpiatitui in more 
marked, the ceuln^ of a Hplioro conluinhqi^ 30 per cent, of lead 
being 29 parts per thouMjind ritdier than tlu' outsldt^ Wlnui hot.h 
lead and zinearti presout the liquaticui is still more marked, ami 
in the ease of an alloy etmtainiiq^ 15 pi'r cent, of h'ad and U) per 
cent, of yduc tiu' sphere eonf .'lined 057 parts pm' thouHaud at the 
top, 785 in tla^ cumtre, and 71)0 at. (he hnttom, In eonueetion with 
those alloys it is a e.urtunN fatU. that if (h(» (piautity of silver pre^seut 
is notions than two-thinlH that of tin* leatl and zine. togetlier, they 
show very little temh^ney to liqnale, and an alloy e<iutitiiiing 55 
per cent, gold, 7 per cent, /due, IH per emit, lead, ami 110 per cent, 
silver, was found to he prae.tit'ally honiogmi ouh. 
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METHODS OP INVESTIGATION. 

This oxperimm\tr%l tiinirnltioH tMn'cnintevtul \n nny afctompt to 
iuqmro into tUu nalurts im<{ auuntitiUiou af uu^talB and alloys are 
by no inoHUH uu!unHui»'ral»h% and uiiiil conquirativoly rucuutly tbo 
lubjoot has boini ono fur npufnlutioa and hypullumm rathor than 
for any |KmiUva kiunvbnlgi*. TIu‘ho (liibcultkm, huwuvor, have 
been largaly ovuruumn by thu imprnviHl tnoihndH of modern 
resoatch, and Indurn dealing with tho ccuiHtitutiun of alloys it 
may bo woU to mnmidor tho variuuH luothudH whioh havo been 
omployed in tlusir Invr.Hti^^titiun. 

ThoHO havo boon ounvoinmitly olaHHiliod by Hobc'rta-Anston and 
StaiiHliold under tho fulluwing hondn : 

1, The CluMuioal (bunptnn id thu Metaln in a Bolid Alloy, 

Tbo Heparation of th<^ (’uimtituontH duritig Htdidificaiiou. 

Tho first of tiioso iualudei the following methods of investi- 
gation >— « 

0. The apooino gravity of alloyfl, 

6* Tho oleekitml raHinhineu cd fdloya, 
a DlfluHiou of motalH iu alluja, 

< 2 ?. Elnotrolytio condtietiun* 
a. Thormo’-olootrio power. 

f* Th© boat of oombinatiou uf luebilH to form allojn, 
g. Tho oleetrornoUva fonm of aolutimi of vnetalH at\d alloys, 
h Isolation of tha coimtituotita of alhiys by ohemlcal mothods. 
i Miorosoopioal axandnation of alk*yi. 

Thosooond group duals with those im^lhads involving a study 
of tho Boparatii>n of tho minstituants of an alh»y on Holidifioation, 
and includes — 

00 
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(a) Moasuromont of fall of tuiajK-raUirts (inrlu^ 

by moans of a pyromaUjr. 

(b) Mechanical soiuirathm of Ou» (toiiHtiaii-iilH of uti alloy 

by heating to dofinit (5 and ilraiuiug off or 

pressing out the portion. 

(c) Investigation of the cliang‘-H in tho 101400*1 in ohar:«d.rr 

of certain alloys during hnil ing uu*l cttijlnuf. 

The first four of thoso nirthodh, vi/. tin* doirrijoiiuh^iii uf 
speoifio gravity, olccjLritial n'siHlaiH'o, tiiduMt.ii arid idrrfi.dj, 
oonduotion, have aln'atiy lu'C'n roUHidorrd nndrr tim rf 

of Alloys, and need not bo dmlt with iton*. 

Thermo-electric Power. -TIuh propniy ban br*tui nn 

a moans of throwing light tui tbo nutiur uf Idtt tmt 

been very fruitful in n^.snllH, owinit to tint boi tloif n rb;4O40 in 
thormo-oloctrio jwwor may bo rinuird by an all< 4 o.|iir’ mi 
a chemical change, 

The Heat of Combination of Motidn tu form Alloys A ^ 
many metals ovuIvcj heat whc*u nnin d, ata h an alMarouani s 
copper, platinum and tin, arsmiu, and b nn I 

lead; while the union of cjIIuth, ramli an b*;td i»no lio, m n 
paniod by an absorption of boat, in fldu ra -o iho idi Msps'l. nof 
heat is small ; but there in an o^ample of an nlU^y, fii d d*-s«nilw4 
by Mohr, in which a very murki-d h»wrnng id Unuiunninm riifi 
bo produced, Tliia alloy in foriioul by tiikuig iimdy divided tin^ 
lead, and bismuth in their equivalent witl r^i|d'll%' 

mixing thorn with eight winlvalrnta of mrrmiry. In 
the tomporaturo of the mixture will lietually fall from 1 i r* t- 
-ICO. The dutminination of the fit*at of n^nbiu.it mu 
made by adding miu metal to anothf-r in tho in<>Urii isijiu?; hni 
intheoasoof solid alloys Uh» flrimum.u sun rau onh be inrl%r4 
at by indireob mothodH, Om- hm-b ij.rihud i m 
the boats of fiolution of the alloy and m' fb*i tu 

aoids; hut this mothoil in {»pru to ubj,,?iMnn. f. 1 . 1%-,.', 

Galt, and Gladstone have imulo uf ,4 

combination; but, so far, iim reauliH have nut se.lib-ii noirb mir 
knowledge of the constitution of albiy^. 

Baker (PAfb ira?wi., vol. oxevi. p. h2*l) hi*.^ 
of the heat of combinatii)n of a liirgu mtiiil»r iil 
The method adoptoil aontiit# in ditwminliig lb® ikSwmum 
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tlu\ iu*a(H af nf thi‘ alluy utul an oquivaloab weight of 

itH (^oniitihM'ntH in a hnlvrnL T\n\ Hulvuuta mnplojod 

wc'vu an inpu'DUH Ni»hifi«>n of clilurints a. inixtnra of ammonium and 
f(‘rriu ohh»ri«loH, ami a mixtnn* of utumouiuin jiml e\iprio chlorides 
In Uh^ (‘jiHo of ihi‘ oupppi* '/.nic alloyH tlin ox[K*rimauts show 
that-- 

L TIhtu m nil ovulnUon i»r lo at in Um ftFrinaiioii of all the 
alloy H, 

% Thin t'voinluai c»f ln-af a maximum in the ease of 

tho alloy oorn'HpomlinK t.hn ionmila (hi%no(i.^’. 112 por cent, 
of ooppnrV 

Tho Ihmtvoniotivo Foren of Bi^lutiou of Mrtula and Alloys,— 
Thin umtliMti has hwn umhI l«y and him'.dvou nu»s(, vahniblo 

ovidonco an tri the' of {‘njiijMiiiinhi in alloys, 'riio method, 

m ciuphiyntl hy I»siurn\ njuiu fin* fiu-f that if iuagalvanio 

cedi Hay, for eixanipln, a r’e*!! llit* zim’ platis Ih roplacod 

by a comiunnnl plait* inad«' by jnjuin;.? ioiU'dim* rodn or plaitJB of 
copper and ziuf, thn ('Irrlrnmonve* fun-r in unt alU'tvdj this is 
tho oaao oven if tln^ zim^ nvudnim in only one tluiUHiuidtii 
part of tlm eoppe'r turfant^ If m»w (he ziiio phito in a 
natiioll roll m rnphirt-d hy ziun allMyrt rmilaining inoroaHingly 
largo pi'rcmUagt'H of tv ppnr, it in ftumtl that tluj tdoctrmnotivo 
foroo tlmm not vary apprfoiahly until an nllny ifnnlaining 33 per 
cout. of empptu’ in roaoluHl, wht'u tlun’t' in a hUtMou fall in tho 
elootroinol ivo fnrrfx Freun thii it itf nrgut*d that in tiiis alloy 
there U no froo %l\n\ pro^mU. ; hut that it in all in onmlmiatkm 
with the oopptjr, aiul {urtim au alloy whirh may la? n^proHtuittul hy 
the formula CuZn^. In the wum' way with the onppin* tin allays, 
a suddon oliaugti in tho olortriuuutivti ftU'oo in imlicHul when tho 
eompQHition of tho iiltoy oiirn*spi»nHH te* a f«>ntmla SnllUg. More- 
over, if an alloy eumtaining an oxroHH of tin ho (uuploycul tho 
exoasB of tin k dleHolvt'd out until tlm Hanm alloy Bn( JUjj is rtuiolied, 
when tto furtdiir ehango oreura, 11 u‘hi' n'Hul ta I mar <mt tho (jviekmco 
obtained feom tho doUu'minatioim of the* dnimity, tht*niial and 
deotrioal oouduotivlty, and n\m tim mimohi’tipinal examination and 
cooling ourves. Thiis will be dkauHoenl 
Isolation of the Oonstltuents of Alloys by Chcuuieal Means, 
—It frequently Imppano that ona wnmlituant of an ulhjy is leas 
soluble in a given solvent tluin the nnnaintler of tbu alloy, and 
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this is more especially the whi*u cuinjummih nn* prrr rut. It 
is therefore possible, by UHing ji Hiiitablo in iii-.suhr 

the more soluble portion, ami tbia can oft.rn In* f u-iiiti.U* 4 !*> sbr 
® employment of au electric ourrmit, Tim rc.Hi.bm mun flifo bn 
filtered olF and aimlyaed. l‘lit»lt»;n'-ipb 4 in an e\.04i?.ir nf li 
compound KOpariUetl in this way. 

The Microscopical Examination of Alloy * iTn tn ^dt arr 
afibrded by the iiiiijrdHc.npn, in rolaficm (n fhe «*nn fifurnu *4 
alloys, has been of ane-h vsdue thal it may vMih br 

considered at hoiik^ l(‘n;.((b. 

The systematic ntudy of tin* afnmiurc uf m« t b . a * v. . 4 |r,| bi, 
the microscope wan first iindnrhiknn by ftrSHibynf Nb« fhrld 
an introduction to the ntudy of iin trurie irtniH. *' It u.ii a si 

thing/Mio says, “that 1 Hbouhl Im* lc*d fmm Mn* fdiidy nf 
scopieal Htriicinre of rocks to tluit of turirMulr -,, , 4 ud in <,i b r b* 
explain the structnri* of im^b'dric inai I s-Miumrsu-. 4 Ui< ;!>i‘vnf 
artificial irunsd^ Hu 1 »c|,;hu thin ntu4y in l>brf awl m fb.^ 
ingyoar his paper (hi a AVve sl/r//o^/ o/ ///a. . f?, 

ofvarmm Kintin of Sfrd hj Kafurr PvmUmj wai. pm In.u- 4 ov ii.r 
Shclliold Literary am) Pliilna<,phien| SornUy. fn |Hb% |,s- s 
On tlm Muromipirat SlntHuro of Mvie.u-iim mhi /r..ri 

published by the Hoyal Sneiely. KnI bio^c fnrfin r ispps ^rss u» b^vr 
boon done until Prof, Marteim |mble4**‘4 lo \H1h thp ml 

his invcHtiKationH, winch Wi*re (mrrmd out m4^nm4^mity 

Ihc impcntancu of tin* atufly of the misioBliurtur^ of iisctrsl# Jiu4 
alloys was soon rccogioHcd, and the wesrk of Dr Horbv and tV v 
Martens was taken up and «.nmii4od by W«'i|4mK. 

Andrews, Iluhrejm, Howe, (!lmrpy, Le b'li drln r. H l.j in 
Stead, and many otlmi-H. 

In order to study tint Htmerure of u mrud or dl-i bv mf 

the microfioopc it is first tmciwnry lo ps-j-av fi |«.h-4o-4 
and for this purpoHu a wetitm ml nnn ^ un-uf jo/.- oor i b*. , < v.uirM 
In the case of C(mi[)ararivcly huft tbs- ^ 

sawing through the nlloy with a hack .aw ao4 'ib.u m4 

shap© In thocanu of hard and bniUr .dl-y. a 4i.oo..n I 
my c used, hut a Himplcr mciibMd m liiiMlung 1 I 10 allot 

and eelectiiiK h fniKtnntt wiUi ft o«.i.i}.i,mUvri>> mvmU ik*». 
xws fane m Uu-n ground di.wu on «,» «m«rj wh»*#l «»til Isl. 
am and Bhupo of tl,,, mu„pl„ to Iw fti|| d,.{w„d 
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oiroumatanooa. It may bo that a section of thin wire, or of 
a small turbiuo blade, is to be polished } or it may bo nooossary 
to oxamiuo a firebox plaits or a larj^o easting. In the case o£ 
small Boctious some skill and iugtuuuLy is nupiirc-d in tho polishing, 
while in tho mm of lar-^er Hamph*H from whiedi a portion has to 
bo out the selectiou of tho sample muHlt he mado with dis- 
cretion. In any oiuas the Hiirfju'o lo be polislKul slunild not be 
much more than half an inch acims, or tho labour of polishing 
will bo dxcohhIvo, 

Thin sootions nan bo ])oliHhnd most readily by first omhedding 
thorn in a larger phnni of nndal of similar hanlnesa, This can 
sometinum bo ulhu‘,U*d by oleetnMh^positing metal of sudloiout 
thicknoHs ttpon them luul them pidishing tho whole section, but 
in tho oaso of simple KoctiouH, sue.h as thin Hhi'.ot, it is usually 
sirnplor to make a saw cut in a pioro of metal, insert tho shoot, 
and them ohm tho cuit by sqnne/.ing in a vioo or hammering. 
The two can them hu liletl up an one picee. 

In whatever way the aample is taktm, gri*at (sarc should be 
Mcrolscd during filing to prevent tearing of the Hurface, Aftoi 
finishing on the srnootht'st filo the seeliun Is rmw rubbed dowi: 
on omory papers of iueremsing finoucHH, UHing first tlie ordhiarj 
English papers and then thonu of fbanudi make uscid by steo' 
ongravers, and marked 0 to ObOU. I'he, grinding on each paper 
must bo eontirmed until tho serattduH prt)tlueiHl by ilie previous 
paper have ouUndy disappeared, wh<*u the papiir is sub- 

stituted and tho suction tariuHl through an angle of \){)\ m that 
the new acratolum are at right angles to the pmviouH ones. In 
this way It Is easy to see when the imarser w’ratrheH have dis- 
appeared. This preliminary ptdishing is newt rapitlly performed 
by attaching the omary papers U> the snrfaci'H of wotuleu blocks 
or wheels, which are made to revolve at a high rata of speed. 
Aitcr rubbing down on the last emery papc'r the surface should 
be free from all coarse scratchm, and in now ready for the final 
polishing. Various methoclH havti heem devij^ed by dilforont 
workers for tha final polishing o! the sucthm, and some of these 
will now be dealt with. 

For rough work tha section may be polmhcd cm a wlu'cl covered 
with chamois leather or broadcloth, u|H)n winch a Hinall ipiantity 
of fine dry jewallar’s rouge has boon sprinkled. Fur finer work 
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the wheel should bo covered with broadcloth which is kept wot, 
and well -washed rongo otuployod. Wot polishing may take 
longer, but is far more satisfactory than dry. 

Rouge suitable for polishing is prepared in the following way : 
A quantity of jeweller’s roug(^ is stirred up with a largo bulk of 
water (about 50 grams of rouge to a litre of water) in a largo jar 
orhpakcr, and is then allowed to stand for thirty seconds and the 
liquid decanted. This is allowed to stand for some time, when 
the water is poured oil’, and the rouge wliioh has settled is used 
for tlio polishing. 

With soniG alloys it is well to avoid the prosemu^ of water, and 
in those cases tlui roug(’> may be moistened with a little parallin. 
This motliod is very Biu*c(^HHful in the case of copper and copper 
alloys. 

Le Ohatolior l\as made a number of expcrimcnls on the subject 
of polishing, witli a view to iuonwising the H{)ee(l of tiu) manipula-' 
tion. Ho points out that in the wasliing of p()\\’d(U‘H tlie quantity 
of carbonate of lime in the waUu* is q\iite HuiVuutud. to cause the 
formation of lumps, (joutnining both coarse and fine particles, 
and ho rooemmends tlu^ following method The ])c)wdor is first 
treated with water conUiining one part of nitric acid in one 
thousand of water, in order to dissolvii any salts ])reHont. The 
mixturo is stirred, allowed to soiblo, and Uui olojir lupiid decanted. 
The procuHH of washing and decanting is now oontimiod with dis- 
tilled water until the acid is removed and the settling takes place 
more slowly. The stqiaration of the powder is thou cffoctod by 
addingtwo oul>io ccuitimobroH of ammonia to each litre of water, and 
the top portion of the liciuicl is syphoned off at intervals of 6fteen 
mimitcB, one hour, four hours, twcuity four hours, and eight days. 
After the removal of Uui twirnty-foiir hours powder the finer 
partiolos still in BUsponHion rna.y \ h ) (uiuhchI to Bottlo rapidly by 
adding a small quantity of acetic acud to the litjuid. 

The powder in the first deposit is unsuitablo for polishing, and 
the second and third are sotnewhat cioarBo, but the deposits 
oolleotod betw'oen the first and the eighth day oonstitubo the true 
polishing powdors, 

The powders so pr<q)arad are mixed while still wet with thin 
shavings of very dry Castile soap, in the proportion of one part of 
dry soap to ton parts of the wet powder. The mixture is melted 
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in a water bath and allowed to oool, stirring coutinuuusly, until 
the nuiHH begins to thicken ; it is then poured into tin ^tubes 
similar to those iii which oil paintH are kept. 

Le Olvatolior hm found the following Hubslanecs to bo the most 
satisfactory : Ahimina obtairuni fnuai the calcination of ammonia 
alum, commercial flour ornery, oxidti of chromium obtained from 
the calcination of ammonium bichnmuac, and oxide of jron 
obtained from the cmlcination of iron oxalate. Alumina gires far 
better results tlmn the others. 

Those are the imtial metliodn for <»hl;ujnug a polished surface* 
but when soft nuU^alH have to he desalt with, huc.Ii as load, it is 
extremely ditluudt to (tblain a good polish, and only the slightest 
pressure must he immi. To ovtmcome this dilHcidty Kwing and 
Rosouhain have mhipled a method of obtaining a smooth surface 
witlumt having rt'eoiu’sc to any mcuhauifjal polishing, This 
method is espeoially tistdiil in tlu^ t-usti of rem*art!h work carried 
out pn easily fusihlc moUils and alloys, and consistH in pouring 
the molten metal on to a mnooth Burfa<‘.e such as glass, mica, or 
polished abml, in contat^t with which it is allowml to solidify. In 
practical work, howevm*, it is obviously not p('rmiHHibh! to melt 
the alloy, and the spinumen must be poUHlicd. h\)Y this pvirpoae 
a little Glob(^ inetal polish and chamois huither will bo found 
quite 08 satisfactory as more elaborate methods. 

When an alloy which is composed of constittionts of different 
degrees of hardness is polished on a soft material, such as leather, 
cloth, or parchment, the hard oonstitiumts will appcuir in relief, 
and a preliminary examination of the polished surface is frequently 
of great value in allording iuformatitm as to tlu* ndabivo hardness 
of the constitiumtB of an alloy. As a rule, howevi^r, it is neeosaary 
to subject the polished surface to the corroding action of some 
chemical reagent in order to distinguish the constituents. This 
process is known os “etohingd* The reagonta most frequently 
uaed are the various adds, but alkalis, alkaline sulphides, and 
many other reagents are also used, either in aqueous or alcoholic 
solutions. Some alloys are most satisfactorily etched by placing 
the polished specimen in a salt solution and oonnocUng it with 
the positive pole of a battery, while the negative pole is oonneoted 
with a piece of platinum foil 

In addition to the ordinary methods of otohing there is the 
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method of “heat tinting,” which consists in simply heating the 
specimen in air until the polished surface assumes a decided colour 
due to slight oxidation, and then cooling quickly by floating on 
mercury. This method has proved of the greatest value in 
the hands of Mr Stead, who has shown that it is the only satis- 
factory method by which carbide and phosphide of iron can be 
distinguished when associated in iron. It is usually sufficient- to 
heat the specimen on a hot plate, but if any definite temperature 
is desired a hath of molten tin or lead may be employed. Modifi- 
cations of this method consist in heating the specimen in gases, 
such as sulphuretted hydrogen, in order to obtain a film of sulphide 
or other compound in place of the oxide. 

In special cases etching may be eflPeoted by means of gases, and 
the author has found this method of great value in the study of 
oxides in metals. For this purpose hydrogen is used, the polished 
specimen being placed in a heated combustion tube through 
which pure dry hydrogen is passed. The oxides are reduced by the 
hydrogen, and incidentally the crystalline structure is developed. 
This, however, is simply due to the heating and not to any action 
by the hydrogen, as the crystalline structure is equally well 
developed by any neutral or non-oxidising gas. 

The methods of etching are so numerous that it is impossible 
to deal with them except in a general way, but the more im- 
portant reagents may be briefly described. 

For steel and iron alloys the moat useful etching agent is a 
5 per cent, alcoholic solution of picric acid. The specimen after 
polishing is merely dipped in this solution for a few seconds and 
then washed in alcohol and dried. 

For bronzes, brasses, German silver, and nearly aU copper 
alloys a 10 per cent, aqueous solution of ammonium persulphate 
will be found the moat satisfactory. This reagent was suggested 
by the author many years ago on account of two useful properties 
which it possesses. Firstly, the etching is effected by simple 
immersion of the specimen, no rubbing being required as in the 
case of some other etching agents. This is an important con- 
sideration with soft alloys which are very easily scratched by 
rubbing. Secondly, the action takes place without the formation 
of gas bubbles, which are always liable to adhere to the polished 
surface and cause uneven etching. One precaution, however, must 


be observed in the use of aunnoniina persulphata polished 
surface must be abHolutoly free from oil or To ensure this 

it is advisable to give the sample a preliminary Irojituiont with 
soda or potash, followed by washing iu water before innuorsion in 
the persulphate. 

For antifriction and t)thcr whitt^ metal alloys a fnyrfect etching 
agent roinains to be (liHaovered, but ntrong hydroi-hhunc aoid will 
be found as uBoful as any. 

Almiaiuiufici alloys may \h\ (ytelu’d tuthm* with dilute aoid, 
preferably hydrochlf)nc, or with (MUfitie Kotla or prUuNh. 

Silver alloys may be utohed wit.h nitrie arid or ammonium 
persulphate n.B in the cane of t?t»p|Kn‘ alloys ; and gi»hl alloys require 
the use of atpia nygis-. 

The coinplote mitU‘oH(U)pioal of a nmlal or alloy 

should be carried t>ut iu three Hinges. Fii.st, (lu* Hpeehuen should 
be siuiply polished and tyxaiuhuul under htUh low' nnti higli [lowoi’s. 
This will afford information as to the relative hanliu'Hs of tho 
consbibuonta, ami will also reveal tho prt'^euiH' of hhjwholeH, oraiikn, 
and included foreign mat ter, Hueh an nhig, <ntitUn\ or mialloyod 
metaL The scusond (yjtamlnaUon shoidd he nuuh' aftm’ slightly 
etching tho polished surface in onler iu dihlingnish tlio oou- 
stitiients. This ia tho most ditllmdt part of the whole prooosH, 
and groat care should be itikoit nut to ovenhi the tykthiug. The 
safest method is to eteh V(iry lightly and rJ^amim^ ; then ofcoh 
a little further and ngiuu cyxatnino, and eontinm* the (ybtjliiug 
until the separate oonsUtutyuls arty cdearly nhowm For the third 
examination the spooitmm should lu' tleeply elelMHi with n. Htrengur 
reagent in order to show up tiny oryatallimy HtrmU.nrty uf the inetol 
The first and third examinatioim lyau mmally hi^ carried out with 
comparatively low luagnitieationH, but t!u^ Mnayml tyfUni rwpiires 
magnifioationa of a thousand dianatUyrH or amny t(» rmdve an 
alloy into Its components. 

li it is desired to preserve the speetnuniH for future refertyuce 
they may either be oiled or tluy poliKhed surface moisUnuyd with a 
solution of paraffin wax in bengioi. This limviis, on clrying, a thin 
film of paratBn which can easily be removed when the speoiman 
is required for re-examination, by wiping with a tyloth moisteued 
benzol. La Ohatelicr reoommeudH the ust^ of a solution 
-xjiyl acetate, which kmves a thin film of trans* 
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parent viirniRh, Thin film does not intnrfnrn in tlm Inant, witli tin* 
examination oP the nvnii urulor Mm pnwom 

When tho Hpcnimnn Iihh lu'tm uropaml it rtHjtuivH t» 
mounted ill ordor to jilaooit on tho Hlup* of tlm rniovom-opo, and 
this momiting ro(pun‘H a littln (’am in ordor that Iho Kurfac'o may 
bo at right aiiglos lo tho opf i<vil axin of Mio tuirroN«*(»po. With 
a little prantien Ihis diirH'ulty ran ho roadily ««von’omo ; hnt orio 
or two inec.hanitial tlovio»K for ouHurini^ a porfootly lovtd Hurfitoo 
may be hriofly doHinahod. Tho .'uniph- .j uf ihoso niortdy ooo-astH 
of a iHinilior of Nhort loiod liN of hr.i tid»o of diili-rouf dtamofom 

whioli have laion nann'idly oul .u. ihal (luhr roidn uro porfrolly 
true. The Kp(‘(‘,int<’n lu hr r\,>th»inod \h plarrd on a ghwH Hh|l, 
with the poltshed aurhua* flowuward .. uh»l a hiaHH mho in mdootod 



i'lo. 'Ji. lliijjr Iii’va t’ Im} Mit-ru 


which will juMt pana ovn' (h*' n|irruHrn, A i|mnitirvof okv or 

soft wax m (lii.ii |iivv,<.,l i,„„ tl,„ i„i„, th,. 

imtiht imirc t.Imn (illrs the lulio, nitij Uiwi «i ulin i» 

on Mia top mid i„t„ ooutHct wilh the rijiK'. Atindi.T 

(lovm iitiH Imnu pliUT.1 il„. umvhvt. nn.i in Mo.iv,, i„ |ijj Ul 

I ns onnsiHtH of |,w„ 

of vortical iimvciiifiil. hut alwavi pnrjillid j„ (}„- 

lowormin, Tlic N|„.ciiaci. i-. pla I u.ih .Im i,Mh«h.-.| am-fne ,.t. 

' tlifl owor pliUo, ami tl... upp..,. p|,,,,... n i-hm-. :.hp I., 

which Homo Kt.ital.l.. nluv ur wax m „t,a.-lm.l. n. h.iv..n-.l „.(» 
taoi. If noccHHary it, ca,. 1„, ..t,u..p,.| 
mounting nnalinni Iihh Hot. 

To obviato tlm m.cwif.y f..r imiuminp; th« Mver»l 

nvmumit m«tal.h..ld..r« l.«v.. la...,, Kjg 32 k a »imph 

oflnmn ■ ''“'‘"T''! ' ‘■""•‘•■’‘'"K of tt nmt*l «brip with a miaacl 

ui winch there k in a|»oriurt. Thi m hdd with 
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the polished surface against the under side of the aperture by 
means of elastic bands. 

Fig. 23 shows a combined metal-holder and levelling arrange- 
ment. The specimen is held by two rotating jaws, and can be 
levelled by means of the screws A, B, and Bl. 



Fig. 22.— Simple Metal-holder 
for Specimens. 



Fig. 23. — Combined Metal -holder 
and Levelling Device. 


It is obvious that the examination of metals must be con- 
ducted by reflected light, and the illumination may be either 
oblique or vertical. Oblique illumination is only possible with 
low powers, and for this purpose natural illumination is some- 
times sufficient. In most cases, however, a parabolic reflector is 
desirable, if not necessary. A convenient form of reflector is 
that known as the Sorby-Beok reflector, and shown in fig. 24. It 



m made to fit on to the objective, and is also supplied with a 
®BQa|l vertical refieotor which can be instantly placed in position 
or di^ensed with by a turn of the screw. 

For high-power work the illuminator must be placed behind 
the objective, and the reflector in this case may be either a glass 
Tvnam or a very thin glass disc placed at 45® to the optic axis. 

V.. 4.^^ rtf illuminator are shown in figs. 25, 26, and 27, 
1 the case of the disc reflector only a portion 
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of the light is utilised, whereas with the prism the whole of the 
light is reflected. This may be a distinct advantage when a 
powerful source of light is not available. It must be noted, 
however, that for use with a prism illuminator the objectives 
must be specially constructed with short mounts so that the 
glasses may be as close to the prism as possible. Both illumina- 
tors may be fitted with stops or diaphragms, so that the amount 
of light admitted may be varied as desired. These will be found 
useful when the section under examination has a brilliantly re- 



Fig. 26. — Mirror. Fig. 27. — Prism Illuminator. 


fleeting surface, and also when higb-power oil-immersion objectives 
are being used. 

As regards the optical equipment of the microscope, three or 
four objectives and two eyepieces are all that are required for 
ordinary work. Two projection eyepieces, described by the makers 
as No. 2 and No. 4, should be chosen, as they are specially 
adapted for photographic work, and in conjunction with objectives 
of 16 mm., 8 mm., and 2 mm. focus will give any degree of 
magnification from about 50 to 2000 diameters. For very low 
magnification a projection lens of 35 mm. focus, and used without 
an eyepiece, will be found useful. 

The following table gives the magnifications obtained with 
these objectives calculated for a tube length of 160 mm. and a 
distance from the eyepiece to the focussing screen of I metre : — 
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effected on the screen by means of a rod and Hook’s key 
arrangement. 

Fig, 32 illustrates a form of microscope by Beichert in which 
the stage is placed in a horizontal position so that mounting of 














Fig. 80. — Vertical Microscope and Camera. 

the sample under observation is unnecessary. Two tubes are 
provided, one for observation and another at right angles for 
photography. The optical arrangements are shown in fig. 38. 
A beam of light from any suitable source is reflected from the 
prism Pj through the objective on to the speoimeu and back 


k’j 








Fig. 32. — Reichert Mctallogra])hic Microscope. 

of the stage, which throws the beam of light through the second 
tube to which the camera is attached. Fig. 34 shows the complete 
outfit for photomicrography. 

Success in photographic 
manipulation can only be ac- 
quired by practice and experi- 
ence, but a few hints may be 
useful to those who are be- 
ginning the study of alloys 
by means of the microscope. 

In the first place, the use of 
a light filter placed between 
the source of light and the 
microscope will give better re- 
sults, and if the source of light is an arc lamp, a piece o 
. glass of the kind commonly known as “signal green 
found perfectly satisfactory. Any well-known brand of 




Fig. 33. — Optical arrangement of 
Reichert Microscope. 

a- 
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through the. prism P 2 - After focussing, the prism Pg is rotated 
through an angle of 90° about an axis at right angles to the plane 
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graphic plates may be unod, the of the plates selected 

depending to a groat axLeut on the source of illumination. If 
a weak light is being used, tUon rapitl plates may bo used to 
sborteu exposures ; but if an are light in employed, the plates 
described by the makers as “Ordiutvrv’* will pvubafdy bo the 
most usofuL An exposures of ap[n*oKiuuvta'ly 5 seconds is the 
most convenient; if longer there is risk of movement, and if 
shorter than 3 Boc^ouds it is dilVieult to tiuu' them aeeuratoly 
without a shutter, and the use of a shutter in vtdves serious risk 
of vibration unless very oari^ruily arranKed. 





Fia, ’•Ruiahm t ami Cmxtsm, 

Slow plates ate aometimm remmunended m poHseHnitig iincr 
grain than rapid plates. There wim simn^ reivnou bn’ tljis in the 
early days of the photogmpUie dry plsite, hut ilm grain of the 
fastoat modem plate, oven when using the highrst powtu’s of the 
microscope, h negllgiblo. A ommmmer ami oiu^ fro^ 

quently found In text lKK>ks, in the stetemeut that ulow plattm 
are preferable as they give greater ^teoninwt/’ The worat fiuilt 
which every beginner in photography has to ovcmtnne is this 
teinptatlon to produce negatives with great contrasts, and a large 
majority of published photemicrograplm sulTer from the same 
dafeot, Harsh oontraste are sehhan smai umler the nuertiHcope, 
and are usually oonttn^l to cracks, blow holes, ami certain slag 
inclusions. When they occur In a plioUaernph it is usually the 
result of bad photography or b^l etehiiig. 

In order to obtain the best rtmulii, Imckinl plat 4 ^s Hlnedd be 
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employed, as halation, or reflection from the back of the plate, 
is a common source of trouble in photomicrographic work. 

When photographs are taken it is important that standard 
magnifications should be adopted. The great value of photo- 
micrographs as a record lies in the readiness with which they 
can be compared, and this is rendered extremely difficult, if all 
degrees of magnification are used. It was pointed out in the 



Fig. 35. — Stereoscopic Microscope. 


preface to the first edition of this book that experience had shown 
that magnifications of 100 and 1000 diameters fulfilled all that 
was necessary in the great majority of cases, and these standards 
have been adopted by a large number of metallographists. 

Before leaving the subject of microscopes, two instruments 
may be briefly described which have proved of service in th'^ 
study of metals and alloys. 

^ Fig. 36 is a stereoscopic microscope which has proved useful 
; in the examination of uneven surfaces such as fractures. 

^ Fig. 36 is a micrometer microscope of recent introduction 
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which ifi likely fcn prove of groat Horviiu* (.{» t,Iio uio( 4 Uliir^ 
is capable of nioaKiiring dintanroN up to onu. witli au a 
of 0*01 mm., and a UKofiil Ib.ntnro of the irmtnuucmfc is ' 
loosening the senuv K tin' ntiun of tbo luiiwoNoopo can bo 
out uf tlu) split hIc.cvo il, tlniN Ncpamtijig the istaud fn 
upper body, whic.b taui then lu' wnuu^'d by its hIoiu 
liibtmitory Htaiid and used in any pt»aihun doalrtuL 

modtd tff fbi^i nurrns{'o[)n 
MjgiH'd for the fiionNunmi 
two tliHlHiun'K at right, an 
each otlnu*. 

Mtmmnvuioni ot Fall of 
peraturn iluring Snlidific 
In iSKi Lr (hit bib' pui; 
tbf' rinndtH t>f an invcNtij 
'h’uimg With chanuca whir! 
pho'o during tht' hoiiiliiii'nt, 

.dlovo* luir! ht' f’<uin'N to 
riMifln- ion that thorn ih h 
.' inalngv bnturrn the solit 
tain of ntnbon graniti' anti a 
dloy. .Iiiht a.'s in the cm 
a inmm of Miolicn granite, 
■piarl/ nml fclapar cryntallim 
‘ leaving the mica aiill thiiii 
4 ui the of an alloy ccr 
iaunUit inaitH ai»lii(ify until ' 

Via. He. M.«Muriiig Mifr-witi... miiiiiimiii Lfm(i«n'ft 

of fuMion in hdt Inddmi. ' 
most fusilila allay of the HoricH (bithrie mlln the n/frrfo* alloy, 
he points out that the conittilucrita of this alloy arc not in nin’ 

atomiij praportious. ‘»The cmwUtuUon of imtcctir Hlloy>;" 
says, not in the mtio tif any minple multi[df' of their chn 
oal equivalents, but thair c'ompoKiUon in not on that lun-uunt I 
Axed) nor are their propert iim Itwi^ iicdhiito.*' 

Guthrie wa8 only able to ti,.,U witli alloye of low i.i..ltit,K [>oi 
and, owing to the oximrimenUvt tiiiriniilticM iovolvod in tboactniri 
4 meaauroinent of high t«infioraturt>«, thm idoHuhI of inv<'Kti,oiil 
,, was praotioally negleoted until the inlnKluetum of Un- Ko Cluu.-I, 
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pyromoter. Tho ntudy of pyromotry Lolongs rather to the domain 
of pliysicB than metallurgy; but the uao of pyrometers in the 
study of alloys has bucorno so important that a brief desoription 
of tho moro usoful types may not bo out of place. 

l^ycomotorB sviitablo for tho study of alloys, whore the tempera- 
tures of Hinall rnasHOs of motal have to bo accurately determined, 
may bo dividod into two olasnes : 1, rosistanoe pyrometers; and 
2, thermo- oh? ('.trio pyrometers. 

Tho measureuumt of ternporaturo by means of the rosistanoe 
pyrometer dopoi^ds ixpou the incrouso in resistaneo of a platinum 
wire when boated. In tho Callondar <& Griilith’s rosistanco 
pyromotor a lino platiinuu wire is wound on a mica frame, which 
is onelosod in an outer protiujtiiig caso. Tho ouds of tho platinum 
wire are connected hy copper hwids (uthor to a diroot reading iustru- 
moub or to a (dookwork recorder. In order to avoid tho iutro- 
iliiotiou of any error duo to tho variation of tho ternporaturo of 
the wires conmajfcing tho thermometer with tho rocordor, two 
similar loads, not (‘.onuocted with tho coil, aro passed down tho 
whole length of tho thormomoter. This thermometer may either 
he oonneotod with a direct reading indicator or an anfcomatic 
rocordor, 

''riie meaHuromout of high ttunporaturos hy moans of a thormo- 
olectrio oouplo was suggt'Btod by Bocciuerol in 1826; but a 
satisfactory oouplo was not obtaincKl until 1887, when Lo Ohatelior 
published his roBoarohoa on tho platinum — platinum-rhodium 
couple. Ill this apparatus tho oouplo is formed by joining or fusing 
together the (mds of two wires, one of absolutely pure platinum 
and the other of pure platinum alloyed with 10 per cent, of 
rhodium. When one jimtjtiou of those wires is heated an eleotrio 
current is generated, and this current has boon proved, by oom- 
pariBOw with tho air thermomotor of tho Iloyal Physical Institute, 
to be proportionate to tho heat applied. Tho wires are 0*6 
rniUlmetrcB in diameter, and tho current generated is approximately 
‘001 volt for every hundred degroos Contigrado. 

In order to protcjot tho wires from injury they aro enclosed in 
porcelain or fireclay tubes. The Eoyal Porcelain Factory in 
Berlin manufacture tubes which will resist a temperature of 
1600** O.j but a simple fireclay tube is often quite satisfaotory^ 
The couple is inserted in the tube with a thin strip of mica between 
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Fig. 88. —Sectional Plan of Roberts- 
Austen’s Autographic Recording 
Pyrometer. 


the wires in order to prevent a 
short circuit. The other end of 
the wires forming the couple 
should be maintained at a con- 
stant temperature, if accurate 
measurements are to be taken ; 
and to ensure this they are en- 
closed in glass tubes, which are 
immersed in ice or else in water 
whose temperature ia accurately 
known. The thermo-couple 
measures the diiFerence in tem- 
perature between the heated 
junction andthe ‘‘cold junction.” 
The copper leads are connected 
with a galvanometer of the 
d’Arsonval type, which may be 
arranged for direct readings or 
used in conjunction with an 
automatic recorder. In the autO' 
matio recorder devised by Sir 
William C. Eoberts-Ansten a 
mirror galvanometer is used 
and a beam of light is reflected 
from the mirror on to a narrow 
horizontal slit, behind which a 
photographic plate is caused to 
move vertically either by clock- 
work or by means of a water 
float. The arrangement of the 
apparatus will be readily under- 
stood by reference to flg. 37, 
which represents the pyrometer 
used with such admirable results 
by Roberts-Austen at the Royal 
Mint. 

The camera is about five feet 
in length and is supplied with 
three doors, so that the galvano- 
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moter is acoussililo tor any iKHawsary afljuMtnusutH. CouiH.utoil to 
blie camera by a flexible katlun- belbwa ih the apparatna which 
contanis the moving photographic plate. P is the galvanometer 
which can be placed in one of two p.witionB, according to the 
range of temperature to bo ohHorved. Iimido the camera and 
immediately in front of the i.hotograplue pldte ia the foonssinir 
tube T, containing a leim 1, which nuMfivcH the light from the 
mirror H and throwa il. on to the galvanometer mirror. Any 
deflection of the galvanoim'tur mirror oauaea the spot of light to 



Fro, 38.— Exiimph. of Lnlil.Mliou of l'yr<iin»t«r. 


travel along the slit, and tUua traces out a mirvo on the moving 
photographio plate. ** 

Now it is evident that if tlie rate of cm, ling were conitant 
the o^ve would be the simple resultant of two movamintH 
at right angles, and would therefore be a stmight line, Hut 
coWav^ of Wftya becomw slower as the body becomes 

cum of the form shown in the lower part 4 i of the curves in 

« protected, » dipped into 

'llowfld f for example— whieh is 

'■Uowed to cool slowly, a different eurve 1« obtained, The 
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temperature falls steadily until the metal begins to solidify, 
but at this point the temperature remains constant, owing to 
the latent heat of fusion of the metal, until the whole of the 
mass is solid. After this “arrest’’ in the cooling the tempera- 
ture falls again in the usual way. The resulting curve, then, 
is similar to those shown in fig. 39 (which represents the 
cooling curves of the metals tin, lead, aluminium, silver, and 
copper, together with two straight lines representing the boiling- 
points of water and sulphur respectively), and this is a typical 
cooling curve of a pure metal. There are two possible modifica- 
tions, however, in the case of pure metals which should be 
noticed. The first of these is observed when the metal is 
cooled slowly without being disturbed. Under these con- 
ditions the temperature sometimes falls two or three degrees 
below the true freezing-point of the metal before solidification 
begins. The freezing of the mass is then accompanied by a 
sudden rise in temperature to the true freezing-point of the 
metal. This phenomenon is known as surfusioni and it will be 
remembered that it also occurs in the freezing of water and other 
liquids. An example of surfusion is seen in the cooling curve of 
tin in fig. 39. 

The second modification of the typical cooling curve is not 
frequently met with, but occurs when a molecular rearrangement 
takes place in the metal at some temperature below its freezing- 
point. In other words, the metal at a certain temperature passes 
from one allotropic modification to another. A molecular change 
such as this occurs in the case of iron, and is accompanied by an 
evolution of heat, which is shown in the cooling curve. A further 
indication of molecular change is shown by the fact that the iron 
becomes magnetic below this temperature, while before it was non- 
magnetic. Similar results are obtained in the case of nickel. 
The magnetic properties of the iron and nickel alloys will be dealt 
with later. 

A number of melting-points of metals have been accurately 
determined by means of the air thermometer, and these, together 
with other well-known temperatures, are employed in the calibra- 
tion of pyrometers. The moat useful temperatures for calibration 
purposes are the following : — 


86 


ALLOYS, 


Boiling-point of water . 

, 100" 

Melting-point of tin 


Melting-point of loud 

326" 

Boiling-point ofHulphur 

, 44H" 

Melting-point of almniniuni . 

, 657“ 

Melting-point of ailvoi* . 

. uor 

Melting-point of cupper 

, 10B4" 


It is absolutely uecoswary thafc pure inflaln ho imtnl, atid in the 
case of the boiliug-pointn of waior and milphur tlo' thonuo couple 
must he placed in the vapour of tho h(nliu|.c lh|uid and not in the 
liquid itself. Fig, shows an aottial oalihration of a RobertH- 
Austen recording pyrumotor. hi tins imt plaoo a ** datum*' line 
is taken by lotting tho phottjgraidun plate run wldlo tho galvano- 
meter is at rest with no currant ])aHHing. Tho |dato in tluui run 
a second time with the thormu otniplo imnu'raod in nudtod tin 
contained in a small crucible, atul hu un, all the curves being 
taken on one plate. The cUHtanccH bctlwetm tho datum line and 
the various points are then nmaeur(*d on the platti, and, if a curve 
is plotted on squared paper with thoHO dintiuieim abmuHsea and 
temperatures as ordinates, an uppruximately niraigUt lino ia 
obtained from which any other moiuiuromeut of ttirnperaturo can 
be easily read off. 

It is advisable that a fresh calibration he nnulo from time to 
time to ensure that both gnlvammmter ami thermo couple are in 
proper working order. 

In oases whore considerable ranges of ttunperattire have to bo 
measured, a pyrometer, such as tlmt just dtmcrlhfd, m o\m\ to the 
objection that the large angular dailtmtinn <j! the galvanometer 
mirror is liable to strain the suspending wires and thus introduce 
a serious error. To obviate this diOUmUy the currant frcun the 
thermo- junction is not allowed to pans dirootly through the 
galvanometer, but is opposed by a currant from a atamlard (Hark 
cell, which can be regulated and measurtHl by moans of a potentio* 
meter introduced in the circuit. In thin way only a portiem of 
the thermo-electric current passes through the galvanometer, and 
the mirror is only deflected through a small angle. An apfmratus 
of this description, however, requires a special arrangornenf, oa 
the movement of the spot of light to be watoheti mid the 
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® electrical balancing of the current carried out during the opera- 
tion. In this case the galvanometer is not enclosed in a camera, 
but the room in which the operation is carried out is somewhat 
darkened, so that the spot of light can be seen travelling along 
the horizontal slit without fear of fogging the photographic 
plate. 

Sir William 0. Roberts-Austen, in his classical researches at 
the Royal Mint, employed a water clock consisting of a float 
carrying a photographic plate which moved upwards between 
guides. The whole was enclosed in a case provided with a 
horizontal slit, through which the ray of light from the galvano- 
meter mirror might pass. In this apparatus Roberts-Austen 
introduced a further improvement, by means of which very small 


Pi. 



Fio. 40. —Apparatus for Differential Curves. 

variations in the temperature of a cooling body could be detected 
and measured. This method, which has proved to be of the 
utmost service in metallurgical research, is known as the 
“ differential ” method, and the arrangement of the apparatus is 
shown in the diagram fig. 40. 

B is the mass of metal under examination, and A^ the thermo- 
oouple connected in the ordinary way with the galvanometer 
At A, however, a second thermo-junction is formed which is 
surrounded by a mass of platinum, C, and connected with a second 
galvanometer, Gj, as shown in the diagram. In this way the first 
galvanometer measures the actual temperatures, whereas the 
second only receives such current as may result from the opposing 
couples A and A^ — that is to say, it measures the difference in 
temperature between the masses of metal C and R. 
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By using tlireo thonno-conpU'H iustead (if two tlio cotinec'.tiona 
can bo siiupliliod, as nluiwn in lig. *11 (son p. 180 ot Iloborts- 
Ausion’s Introduction)^ and this is tho arraiigonunii gonorally 
adopted in taking dinbronlial eurvoH. 

If it is dosirod to make the irregularviit^H of an ordinarv eooling 
curve appear very pronmmccul, tlio ourviMuay hv |)lotted by tlie 
invorso rate uiol-hiid as iivst oiupluyod by n.suiond in 18H(). hi 
this mutbod Iho iuUu’vals t>f tiiia* lakou by the Haiu[d(‘ to cool 



rio. ih 

K. EloHHn Ftirnm-ft. K Mj. c!.,},! Jttrictl.nm 

1. HtmW under rtXamlhftWoti. F Fi. 

NeiiOrtl MetiU ; Nl-S(«*el or Nat (num. M. UiMVrtu.oniaes (nf IVmimninirft. 
mrmtJ-ouupleforTeniiManturo. Ultj, fotm.ittu.l riirnuui'otielft, 

tq. tnaereUtlHUif^lVfiUoUUHnr 

.-ough equal doorotTuuitH of Unupemtiiru arc noltHl and plutUnl 
in terms of the tomporatuvo. 

l^or works purptmos many other forms fif pyroinotor ar«i largtdy 
ployed^ suoh as optical pynnuoturs* miliation pyromi'torHj ato. 
ese iastrumeutB are fully dcHeriluHi in the intmtlortion to th^ 
fcdy qf in this scrioH, ami it is thoroforo unm^ccHsary 

do more than merely montion them here. 

Weohaaical Separation of tho Oonatituents of an Alloy by 
ating to Definite Temperatures and ProHHing out tlio Liquid 
rtlon. Experiment* m this dirooliou are dilVunil!, to curry out, 
-. the reeulte are Inetruotivo, and eerve u> c.nlinu t-hc utin- 
eions arrived at by the etudy of the cooling tmrvoH. In 1H84 





Guthrio desorilKHl tho inetiiocl and gave some resulU which he 
had obtaiaod in Iho caHO of alloyB with low luelliug pointH. Very 
Httlu appears tu have been done Hinco, bub witliiu recent years 
KoburtH-Aimton madtJ use of the inothod in his inveHtigntaons on 
the proportiuH of the brasHes, I'lu^ alloy is placed in a steel 
oyliuder pn>vidud with two Ioohi^ plungers, upon which a prosHuro 
of alK)ub half a ton per H<[uare inch is luaiutained by nioans of 
a hydraulic prens, TIh^ e.ylindcr is gradually healed and the 
temperature deti'nniinul by miauis of a th<*.nno couple inserte.d in 
a small hole drilhul in tlm cylinder. As the temperature riscH, 
a portion of the alloy liquidUm and is Hcpumzed out between tho 
pIiuigarH; hy analyning the extruded portion and noting the 
feomperature at which it her^ame Ihpiid, a very clear idea may he 
gained of the onltu* in winch the constitueutB of tho alloy have 
solidified and of their approximate compoHitiniiH. 

Change iu the Magnetic Oharactox^ of Alloys during Heating 
and Gaoling. TIuh nudhtul of rcneandi is limited a huv alloys, 
hut has h(aui of great, Hcrviee in the cane of stetdH and iron alloyH. 
Iron, nickc'l, and e.obalt are the only metals which poHscHS tlu^ 
property of magiHUasm at tho ordinary temperature, and it is well 
known that these rntdals, when luiatcsi, luHO their magnetism at 
nortain delinitti tempi'raiurcH. On cooling they again become 
maguetio, but usually at a tinnpe‘ratiire somewhat below that at 
which timy ceaHcd to bo magnetic; owing to a resistanoa to 
change in the luetal, to which Urn name lias boon given. 

The tmuptu’aturcH at which ihese motak lose and regain their 
irngnctiHfii ar<^ known m the points of transformation, and it h 
generally Hupptmtsl that tlu^ loss of magnetism is dne to an 
alletropic change iu ilu^ nmtal. It is of ronmderable interest, 
diereforo, to dett'rmina the magnet ic properties of the alloys of 
these meUds ami the influence of otlu'r nudals on the points of 
tmn«formation, SoniebneUdH raise the pennt t)f maguetio trans 
fenimiion ; others lower it, NieUtd, for example, although itself 
amgnetia, lowers the jioitit of traimformation of iron ; atul an alloy 
ocrtlainixig 25 per cent, of ntc^kid rtHpures to be cooler! to - 50* 
in order to attain its maximum degrc'e of magnetism. 

The iimgnetic propertiins id the iron alloys have been studied by 
(jhatelhir, ()«nn»nd, ami Mme. Curi®, wliMO originsl pap#*i 
ibould bo consul teil for further detaili^ 
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Until reoently manganese has boon rogarcled m a non-magnetio 
metal, but it would soom that it is (‘apablo of aasuming a 
magnetic condition when alloyed with other inetalH. Attention 
was first called to the fact by Uogg at the meeting of the Hritisli 
Association at Edinburgh in 1892, and bin tibnervationH have 
since boon confirmed by ITcusler and otherH. 'riic principal 
magnotio alloys of mangainme are Ueme with aluminium, antimony, 
tin, bismuth, arsoiuc, and boron. 


UHAI'TKH IV. 

THK OONBTmrTIO.N OF ALLOYS. 

Thb nature hikI mniRlitutiltMi of rn^Citln aiul imtiimllt 

attHMstiHi tlio attontoui t»f flip p-uIv ^nl Uol»«?riE«' 

Aufitan hwi nut ilmt Mnf^^phtnihrw^kj mmi 

Rdaintiur vvprt* nil »*» lUo ftfiolv «»f alluvn m thp pii^htpoulli 

oenturjs but if wuulif U|«|*r!ir iJiat lliylv mm ibp fitml Ui 
th« Uuo of thoit|.tbt wlurh ban h*^! in mit |*rrriPUt VJOWH nf thp 
CrOTifttitUtitai of iuotalN smuI alinv’v «4 

hti saya: **EvouBUoh an aro umy r«‘^5|«Pi*lsv«4y ibr$r hlil# 
atmwpht^rt^a ; ainl bo , '* Fnr un man. I Uunk. ba« uii 
wb©thi*r glamn, and ovnu gnbl, may unt m lon^ih of lim© hm 
their wiilght/’ 

Biiylo wiyi. thorob^ro oloarly of llm n|iiiiliir« il«l iJi# »}|il iit#t« 
of matter wm in4 far roffm^pil from* aiiil In Imi u^tmlly 
aoeompiifiicHl by, tho InpnJ «#r and two liiimimt 

yewn later hm In4ipf wan tn Iw cmrrMi bjr tl» Ptin'-rnurntM 

of Morget and Ihnoareaj* 

In IHflO the mfuo mingp^^tinu in %u%4*^ by Mat!lnr«on, whn, »ft«r 

dnaoribing hiu nu ibr *-b‘’’'iupjd onndnolivily nf 

mjnt ^*Tho t|up^f!nn imw What gilbypl Are iboy 

ohemkml imnibinalinnn, ut i5nluli««ii cd MOft mrial iti aiiylbor* nr 
meabaniiml miiKiurrnf Ami in what m ibp f-.iyid drprpmml in 
the o(»ndtioting i^iwor iu nsany titip t I'n tbr bri«i of %hm^ 

qu^tb‘«ii|‘* Im adtiii, ’* { linnk wr may alloys iim 

meroly a dilution of os4p no-iid %%% ihv other ^ itiai only ip a f#w 
(mm may wo iwraniio rlirmieal ooiiihnnitbm#/* Tfir^ ymw kl«r 
Qralmm <iorliirin| hs*^ bphof i\m% Ibe i«!Wt mi ^mm 

itatiw pnilmbly always eooilii m tf«ry »W m*i b# 

ft 
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Hayet ** Liquofactiou 3^4. ih. st’fnn^ invrilv^^ t!io 

HuppraHHioii of oitln'r llut ivitnun^ or tho {umI? niltu Imt 

only tho rcHtriotinn of iin nnuro/’ iu I'^^uu hr jtr^nti**4 i\m 

by proviiig iliat of inaniiai so- <«Mh4 lurhib. hi 

1H82 Bpriuji^ ullnvH by rojupir i .si»u t»f tho runHliUieni 

mnUviH, and four yrar« bUor hr dridsurn ?b u nro Ird think 
that lu'twt'nn tW(» mohmlrH ut' b.f tlru* in a |Hn|iotual 

tcraiid fro UK»tiou of thn nlom /' HV lo* two 

malccUiloH aro of tho t^ninr kind, r |!aiibnMii} util nut \w 

diHt/Urbod but if tliny am diilrrrut thu umwiuvtd \ull hr tttvndrtl 
by tho formation td now hub^daurt {t” 

Kroui thia timn tho rr.nriU’rhr'j mu fdhna nuirr tmtnonnm 

aticl tho dtivolopnunit «if iilraM jirtHn't-dn uimi* i tpidly. In IHH9 
Uoyoook anti KovilUHlmnonuf ntCrd ihr that UiumllV* 

law of tho dqiroaaioii of tin* hrriiuj^ *4 -MUrutn U hi many 
oaHos appUmtbk to moUk Uok’r!?i%\ioi!ro» Uraham'it 

work on diffualonj pubiyiiHl in hHPf. hv^ rbi^>.i. .4 irm^nrrlirn on 
tho diffusion of motahj folluwtd by luiMtlirr in wlnrh ho 

abowod that difl'iiHion UK>k pkw b*iw*rn ni tho Huliil 

state in tho Haine way m in thr lu|nid n\aU\ ilsMUicii m^rr slowly. 
Four years later ho wtis ahio in pmvti ilmi ^ndd wb« mpUdo of 
(lifFiiHuig into load at tho onliniiry toinintruttirr of tho alnuiSiphoro, 

Fnnn tho forogoioK brinf hi«torkml nkvivh o! rho rr^rarolum Into 
the ODiistitution of nllovfi it will bo nrrn that tho troiol of modt^rn 
resoaroh Iwvh boon to provt? that the aidnl i^lato of matt^ir k 
eloaely related to tho li»phd I'md that rnotals 

are snl^eot to tho muno hisMM w hirh tho brlmvmyr of li«ptirk 

and gases, Moreover* jtmt e« in tho tm-w td inor|.taido we 

recognise the erintenco of ooin|wimi«lo» utid li^duthnw, 

so in the case of rnotak wo havo pnro mol.al-^, and 

solutlonsi and it ia import ant to know how th««ii jsw’^ibk mu- 
fttituenk may oconr in an alhsy, 

The methoda employed in the Invt^^^Uiriiihm *»f the mniUttitioii 
of "alloys have already been deHoril^nl, imd it ooly nooains to 
consider the rcsnlte obtain^ by tlonr ur-e aud tdo^ oonehn^umi to 
bo drawn from them* It haa already been luorUiouiHl that the 
pyrometer and the ndoroMt^upn lui^u 1)^11 gr^iUtint aorvlai 
in determining the oonstilvition of aUuyx and wti will thorofoni 
the different typi* of ourvi.3 hktiy to l>e umi with and 
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tht< \Unr}i ♦h-r*w. ^ Uhi *■ r^i ■ i y 

ovitituicf^ nf Hit' inirr«‘ 

niotal «‘iHili!i^ fium H m-:* » tin 

CUrV<M»l»fHillf 4 Ui a »i«a^ U .iK-- J V v*! if J r r 

Imfc if a J'^inuinr fHr\M !"* !i»l' u «*? -aj. • r, r.- ^l '1*11 a 

ttJtnjH^rnturt^ it’- f h*? ? ^ ’'*. >. i* s-^ it »su 

tu fclumn .^'tluiwn ni is|^. At ttr-^t, 1=?. /, r h nor?-atl;b 

and a HunHitb vxxtvi^ b^sf thr r 

af thfHnt^tal im iriM'lit'd jifnt t* f- ^1 '^'.■- ir-^nq-ri 

romaitm i^iarttaut and m hv tt 

latWit lu'at »'f lii'siMU IH t'U - A l>%-ii Um' :4:l, ^ 1 

and thn rtnMHUitb’f *4 th*’ ?nirvs’ 

iinlj tHiti irrrK^dtitity m tb<f' iU5r«\ arid iIm- s.s» i-al » f 
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Without tioif ihi!’ ^ •!.:-rui %h^- 
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Miuhlfuly U'J flia frtl*’ fl« 1 J,. l | 

jadldiUnutlMli Jli rMjH|4«-fr, lln^. .-.ri •^■.•,^•■■■-•5^ -4 

maUil a nli^diil a* -•.- 'iS *is in lli^ *nn' n « -%! U-i« 

of tha ati'ai||lii hin*' r<^|trr!»^n^ iiij i 

A Hinpln r»iri»® with s-uly «»ns” In^rw^tiilal htpuk, dimming Ihai 

thi iiintitl Ii4?i. fii424iln'''l ti fi^l a «h'fniif'F» iinn|w.alurrt, ta 

Rhafaninriftf la nf pnir tnrd-r^!^, |nir'f» #tst-rr||r.»^ »ii4 lniiiif(«|«#^iirf#i|,ft 
iiilifi wihiitnun, i "hrnail'tti t.iiii'iaU'>n4 iiir*'‘!!^in|*»i4i»t4 fiv a niitir*tw’n|i«s.y 
iltaiiuiiatinii %%ili ai. mir*-* |5 wlnrh «4 lilt? shfw to iiitoltr 

OOtwidiTiilinU. 

A wnnl «4 «^s|i!jiui!Mli*«is i-i. nr* *^r.-,;M v f4‘^ h* III© 

of th*i --.tr'i -i, >! r< !i.'.|n'’Sjly afipli^'l 

itlOUrrrrll V, id‘lr^4d«’r, fnah » a:;.- i4 a |. ^?u 1 s%*«hltle»ll ^ful 

this dhaffi* « ln«i.'h «l«''lirj^i a \l h«na a wdal 

RUhi^toiirii^ s«i «|5 ^?*oU'p 4 in ti h^inid tij-i* paf ! iflm nf ih^i ^4ltl 
w luttfnairH mitr'4 tln^ i-M|n.i4 ilml llipr r#tifsi«l toi 

©fall wjlh ihp aid tin- III# ii4«itiiill li »i*r. If 

my |wrlii4i**i ¥sinM>r' Ih^j nrr irf l^^ilif ly 

* III Shui W# Uial 11*:^ ii|l«»lf«^ ^ f* 


V fr^ h* III© 

>! r< !i^'.|n''Sjly a|ipli^'i 
i4 a I. ^?u 1 s%*4uto»ll ^ful 
a ^rKinti<*n inna a wilid 
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i ohiimotamto of n ai^ Ihut 

suvtfr oaimo bo .Ifiteotwi uwfw the hiKhmfc i*., wow of ft.I 

”^V* *“'»«« w'jwrrttiKi hy «joahani«»l 

ma. 1 ho alloy «oli,liho« a.oi oryrtull.lo^ « tluHiIt 

iZuZ “■ “'“““• 

and the exproBsion k now i„ jjonoral um, »«iukioti, 
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da the meee ooele dowu eln. ►"** nt »(it< leiiipemtiim 
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ographs 9 an^ 10. ^ ^ ^ *^"'*'* 

etalo and solid irol«U,l 7^7 t 
ttojj oryotallioo liko onW?. 7 f* ‘‘“’y <1« 

'Wsfttnble vioooua HolutiooH ^w*n'*» f*' trwrw ohwolj 

»» seldom found, whib oryoteHi^fo^ “I j'l**’*"**^*''® 
orysfealg ar® pmioitiiriRnf ' formi af 

•tniolnre la* leelaoecl to "‘“•Oetallitio 

^‘hotejpajlu 37 end 81 am «" "* etruotiire. 
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thrtu* kiiitln: (I) It mav i4Mn\ t% htnA lU n. ti'u^ia liiturr 

beldvv that ««f tlit« |nir»’ sarL^il, Hnif. ita’ alb^v in n ?-*«h4 

Hullltiotl or a |HJfa rtUrfUr. rjl It UM4} lu*» IjHmIui, i-s4.l4 

lowor tbiui tiuit nf fha |mif’<* Jiai.il, ! hid I hr- hIImv 44 444^1 

two rOUhtitUi4d-5 UM-UiU|.^ nt. lidh'trsd. ■•4^ In 

OWOH, Olio t»f till’ Oi^irdsfu* id'^i ^ull t‘a fnisiol lu ho ii oiifroUo , 
but thoy may hrdh ho fn4i4 ’•■ahdoojs^ Mr mijo nf tlnofii gaay t*>o u 
(K)in|nMUol. (31 It tin* rurv*? i%'m» hirisk^s h3f.fiirtr ihitu 

tha uialtiug jHiiot i»f |hii'«^ Naiiil, if urn h*^ !ms v!-nuj|r4 

that thl« hrrak m dnr Im th*^ «*4olda'jifi -a uf a d^^ajdr o«*?apMt5inl 
Tha typf.'M of ourvrfi luU hn iomi-o fully ihvih i^dli h- 4 l«'r» hui Hi 

tlia maautimo wo totird «hdiijo thp m'id 

r/ua/«uifo/| and inur^-iofor ihoir losoi^^H-i+iisrat apiw’^i-aiiro, 

Tha torm ** '* na*? ilr^l iins-4 hy iluUirtn to mdioal-o thr 

uii3£tura ar alloy p«oi :r-fi'uo|jf lUv h*-^r;d ii^4ul of » nonius 

Thi« fVoo/.iiig point i,*j hU^iiyn holow rh.d fho ioo^hi ui iJm lori^^k 
of whiah it m rojop'^-u-l Tha anioruo jiinioioro l m/ 

tha tiiiroraut tmmddumd'i in lisit, itin fttruriuio m 

alwayi vmy namll ^dih ro-.|Siuo-?j ^ luid* 1*4- d-' 

iroHolu tiou. f ho t-'Mioddiu id-'i *4 n m mn-dirsl 

plataa or Uinsmo. or in dh«hulr^, inol ratlior or Indh tiiav I# 
Himftla motak, nohdo«un, mi Motoli®. of 

^truotur0?4 lifo fahown im ;*|4n fl, n wtid IH, Tii#y ws 

Vr4*y oharaatormfir, ami !«#• toinljakpn. 

riia *w«|h4in-4 t#f mrfa!it>-’ fnm^rmnfi k a|*plkd fel tllOfs*** 

ounstitmmtis of luirlain ailMyn whudi rr#ar 4 «il»tip clirmidal mm|i«itstoF. 
in thair pnaia^rtiPM. Th«" foritirniion tif llirap romp»aui4ss 
awompiuisiHl hy an p^olntmn of hral, ilspy utr aliiisM 
invariahly hard luid hnttlr^ with mpHing pMinia htiihpr itmii lln.^ 
m^an of fhrtr Th*^ lori-'^h^ *4 whudi thry ar« cijiii 

f'Hmod aornhino, louirly m riin l-u’ jnslgpd, iti air*mio |■*roj«?^|•tkl§|fl . 
but thoir paiim-ii m*sJy Inti drtrfmim-d* mm tlmy mrp 

oronHionally s4mIiiI4«i in, or ihrnuHd%"r-% tli%r.olv«% tho mrijihi i'4 

wbiah ihoy am ri4n|i^»”>rd. Tloy*^ eau naiially h*^ ssrp.-naird from 
an iiUoy hy difinoH'inn away tio? imrronndiiig nmtiih I’lltipr Wilh nr 
without thp Asil of mi rurmni, htil ii k In » j 

whotbor thf* n 0 m|wmiid ihnu ii p%tm m M^llte 

aompnimda emu ii.ft.na|ty bn ds^rn^tei ti#iii#r A# m^m 

thij Impimii to k? polntdo liiiiit# dF lAt #lfc«r fe 
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sometimes, but not freqtmnllj^ tiia cnwe. Oci-jiKionaiu- * 1 ^ 

Wll«s out in uroll-tanod otj'.l«l, ojhiWiine uukI.,' nu'.rr"’’* 
but more olton th.j .ii,,.,], .,1 “ 

f»™. pi„u,g,.„i, 2, i”;,';'''! 

aiTangenietit of nod tlo* cHnntHnnid ^ 

.hom . ».ll.,om,| I 

“ '* '■ “ ““1 «t»i "z‘r™"h j“ii rr'j 

and the types of"aollh'ff uirfi’r'r tT‘ 

oums must be taken of albjN vanii.J'i rf 
stiraoture examined miorc»„,, baity ^nd their 

bmka in the ouvm are „dxt pLuJ'in tlu n.r, r«Tr 
with oompoaitions and tempemtnrm «1 7 IT f 
freemg-point of any alloy oL he «een at rgh«mr 

has hmix dosonbed by (hutli^r «tu? ' Miaotia. Unn mim 

tha-oompIotofrooainL,b ^ «« 

^ fusibility under throe heads ^ 

■tbe euteotio alloy. A ourve [nS ^ ^ 

‘be two metals are 

*"1 tin mJ . 

fit 4.. to th. c^z ZTr, : 

Mossing the other two In Lo^n^hl- oompound, and 

--lea of this gZp 

v and alokSand Z * ^ 
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3. A single curve uniting the melting-points of the two pure 
metals. This is a case of pure iso- 
morphism, which is comparatively 
rare amongst metals. It is, how- 
ever, shown in the case of the gold- 
silver alloys. 

The microscopical examination of 
typical cases of these three curves 
will illustrate their meaning. As 
an example of the first curve we 
will take the alloys of lead and 
antimony. The freezing-point curve 
of this series shows a minimum at 
a point corresponding to 13 per 
cent, of antimony. If the alloys 
containing less than 13 per cent, of 
antimony are examined under the 
microscope they are found to consist 
of soft fern-leaf-shaped dendrites of 
lead surrounded by the eutectic of 
lead and antimony, the amount of 
the eutectic increasing as the per- 
centage of antimony increases until 
the alloy containing 13 per cent, of 
antimony is reached, when the whole 
mass is composed of the eutectic. 

When more than 13 per cent, of 
antimony is present hard crystals 
of antimony make their appearance 
in the eutectic, and these increase 
as the percentage of antimony in- 
creases. Owing to the superior 
hardness of the antimony crystals 
they are easily visible by simply 
polishing and without any etching. 

The second type of curve is 
well represented by the alloys of 

copper and antimony. In this series there are two eutectics 
oorres|)onding to the alloys containing 26 and 71 per cent, of 




Fig. 42 . — Three Curves repre- 
senting the Constitution of 
Binary Alloys. 
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c;c)|)i)or, wliilu between tboKe (wo tlio eurve rm^n to a 

maximum (jorrospomliuK to GO |u*r oont. of ruppor. Thin iH the 
compoHition of tiie dollnile otonpoimti »Mb(/UH. Hlurting with pure 
antimouy, ami lubliiig copper in iuon smitur ^piuutitioH fnau 0 to 2f> 
per cent., a miaroHcopicul exiuuiimtion will ri’Vt»al co'yatala of 
Hutimoiiy muTounflod by a eulertir, (he orv?i(?ilH titHU*caHiu^ aud 
tlio uulucUo increaHing in quantity tmlil 2b per (u ut. of mapper in 
reached, wiien the wlmle alloy in made up ot Uin outoctie. When 
more than 25 per ecut. of copper in addf*d a new ccumtituent 
makes its appeavauoe in tlm form of crystal I iu*H huviiq^ a tliHtiuct 
violet colour, TIicho aryntalliteii iiicreiy^e in quantity until the 
alloy containing GO pur cunt, of »’opper iti rnudied, which conemtH 
onbiroly of the violet alloy. Ih'twcjm GO md 71) per atmt. the 
alloys arc found to oouHist of violet gnuua surnmmletl by a nut' 
work of outoctio, aud when 70 per cout. is punHcd dtuulriUiH of 
copper arc seen surrounded by tlu! second eutectic. 

It will be seen that the alloys which fall undm* tlu^ hci’miuI 
group in Le Ohateliur’s uiaimilU'atimu \v/., Uumt^ forming delinitu 
ohemioal compounds, really give the aamc curves an the alb>yH of 
the Grst group, but dupiioatetb Thai is to Hiiy, the cuvvt' may 
bo divided at the point rupis'senting the (umipnuiul and uou” 
sidoring tho compound as a tte[iarritc utinHtitueut (uliicdi it in), and 
not as an alloy, Tho curve m tlnm rtmolved into tvv<» curves t»f 
the first group, and rcprcHentH two free^ang point curven of two 
series of alloys each formed hy a pure mtUii.1 ami a coiupomid. 

The thinl group of alloys is oompamtivcly rare, uh very few of 
the metals are iHomorphnuH. An cxaniplo, however, in found in 
tho case of tho gold silver alloy^j. The frc*e^.iug point mirvo 
consists of a single hrancli uniting the nn^lting pniniu of gold aud 
silver, and a unoroHcoplcml csarninati<in failn U* hlmw the cxmtcuoa 
of any outoctio or any ilafmito oompoumi, I'he prcqiertiuii of the 
alloys pass gradually from tlmsu of gold to thom< of Milvur. 

These three groups of alloys have huun dtmoribed m having 
normal curves of fusibility ; but iti a largt' number of alhiy^ Urn 
curves are more or leas cumpliciattHl For tJxampUi, it msvy happen 
that one metal is only partially Holuhlc in tlic other luul is at 
the same time capable of uniting with it in flidcrarit (iroportions to 
form a definite compound. Again, a componml maybe partially 
soluble in the pure metal, or may be isomorphous with one of tho 


w*. 





TliK r<JNSTITl TION nj« AlJJns. 


mntalH. Ill Mirii «*/<.• vrry ui 

obtaiJiwl, iiirHiuin-t vnu t*nly h^- l u\ |.,:r ■ --.a. 

lahoriniiH r*';';*‘arrli. Thr ullMVfwjf i . 1^-1 liii ,'ur> is.:,r r.? 

C!OUI[>1oK n'r»-/mr ilU‘l fh* 

mura aiUinti»»ii IIihh nay (-flirns. ih. •■ n*HV h-^' r. 

illuHttHtuni nf lln^ itnrsitf.’-il tt^lsn iUi.;rh ti. i. y I'-*' t.-p, nj «»rib' 

to lUHb‘r-‘4ani| tho i'msm? ii iHi.'!i nf li h. i.. uT-v-; 

4'I till? rnjypbi** *i*f rntu n Hs'-v*-. 

NlU'ill*', HIhI Un! »S;Av tr'JlA - ■■?■' h 

iKHiling iHirvoaijf th?' li-riulf -i .1 fh ■.?.• .,■■ 

miorem<'<»|iit’iil ‘’^uiiiUss^hMis lu mi<I» ? r-^f ;Ui4 ^ 

which taki' m ttii- U i."’' !■*« hs« Be~’-. u 

fcho U(H«lin|.t: il*’U’«n44 at^*! \.- -u;!*’ h^svr* iIm’- |4.u 

of (|uoru4iitif? t h«' ni • 1 «jij4 !^«4 m?* 4 fl^i 

bimkfi hy Hm ftiu-;- !? i -Ui.* us * >>4 fh-. 

alloys lit (liMHt? !«*U4|H-'I ,rl! gr ' f ‘‘.U* l;|p«hr 

tho A Alsi.'aiUi *; n uj . u.t Uir tr 

whioh obHU|.!i« tak^ |»|iu«‘kM!h in fh^- ru*-! 4 ,,u I .i4' ;■-. ; 

known an an i:v«|nihi*i rsysi -h 4;.‘rsiiii 
Tho ciu'vt' A 4 *i J'*! ♦ I H K 3«i tlir» ]-■ ^ •*. lu^ 

ftllojH, an«l hiiM Iwtm i|» ni’i ' •! hv il'/lhu*.-- Il vi..>,:.<.ii4 

t\\(^ ifalis’atnu.* rh«S' I suH|‘«nai 'IIP st^ ut<or0 ihi? 

Imc tho alloy in #nifnvlv I' l-'-uA, 

Tho lint^ Ahl*‘4»sf I II lli Imis i'aUvd 

mlitim ftjid at liphi*’ tins lin-?’ 

febft alinyw nf«’ rSjt? ii'r’I’V ■n‘»!s4 fir'tw^'r-n tlir#w l»‘4» s-ssrv*'^ tiu r** '.m 

a refiiiUi in %vhi*44 tit#s sort’s i^ru-ily li^inisl p.-o-ir^ 

At thimi' h^nti^^ral of % nolisl rplalsvrly ri«'4i 

in 0Op|Mn‘ ami a lir|Mnl t *■! %! iv^-|y m tm 
Thn lint-« !»rh»w iIh? s'orvp .iriii'-.itp ti^knut 

in thn iniliii alloys l*«son l sit 'u\ a tif 

{jjronmtririil an* I aiiri 

ami ai% ■:’u; -sr:-.,* > vn -‘I'l’'’ 

tio allnyi^. Thwn »r«i 

THm «, ivlurh a •l-A >*>l-..i •.>>?■. ■•>* ■.11^4 r-'i l‘■<■'■s 

teiniiiic n«t inoris than *J |«i’s ^ -f f m ’rh^ milnlifying 

mdit nf tihuimi- piiri^ ro|*|Mn, a Ii«.|iii4 r#|ftiif«lj rliti! in-yii. 

emnf^iumiM ii ,iik| y alnai tf4kl «,ifiitki» ^ipp^r Atlll 
tin, dlflnring fintii puvh m tirfftliilllnn fori« Tto 
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contain from 22*5 to 27 per cent, of tin, and the y crystals from 
28 to 37 per cent, of tin. 

These constituents may be described as transition constituents, 
as they are never found in a slowly-cooled alloy. They exist, 
however, at temperatures above 500** and in alloys quenched 
above that temperature. 

The consHtuerd S is believed to be the compound Cu^Sn. It 
is almost white in colour, and does not crystallise from the liquid 
alloy ; it is only formed when the alloy cools below 500**. 

The constituent E is the compound CugSn. It crystallises in 
plates, and is easily separated from the alloys. 

The constituent H is the compound CuSn. In the slowly- 
cooled alloys containing from 40 to 90 per cent, of tin, this con- 
stituent is found bordering the crystals of CugSn, whereas in the 
alloys containing from 93 to 98 per cent, of tin it occurs in the 
form of hollow crystals, which Heycock and Neville have suggested 
may be due to the fact that the crystals have formed round 
nuclei of CugSn, and that the nuclei have subsequently been re- 
dissolved. 

The temperatures at which these constituents are capable of 
existing are indicated in the diagram by lines which divide the 
lower part of the diagram into compartments. It is thus possible 
to see at a glance the constitution of any particular alloy at any 
temperature. Consider, for example, an alloy containing 15 per 
cent, of tin cooling from a molten condition. At 950*" crystallites 
of almost pure copper separate out, and as the temperature falls 
these become richer and richer in tin until at a temperature just 
below 800“ the constituent /? solidifies, and the whole alloy is now 
solid, ^ When the temperature falls below 500“ the constituent ^ 
is no longer stable, and the alloy splits up into a mixture of a and 
8, in which condition it remains at temperatures below 500“, A 
glance at the diagram will show that some of the alloys, especially 
those containing from 23 to 40 per cent, of tin, undergo very 
remarkable changes during cooling. 

The constitution and properties of a series of alloys may be 
conveniently represented in the form of a chart, of which fig. 46 
is a simple case. The curve at the top is the complete freezing- 
point curve of the lead-tin alloys, while the curve immediately 
below it shows their constitutional composition. Below this arc 



loy CJhart of Lead-tin Alloys, showini 

1. Freezing-point curve, 

2. Constitution, 

S. Meciianical propertioe. 
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r”trjz:u.;. of .-, .i«. “ ■’■: 

who Belected tuo y n'im 

simplest possible series of toniary alloys, i ho ^ I 

the three series of binary 

alloys, lead-tin, load- Ji 

bismuth, and tin-bis- / \ 

muth, have been deter- / \ 

mined in addition to / \ 

those of the ternary / \ 

series lead-tin-bismuth, / 

and the results arc 

plotted in the following / \ 

manner. The oomposi- / J \ 

tion of the alloys is / \ 

represented graphically ___ 

by means of an oqui- ^ 

lateral triangle ABC Km. 47. TruuiKu.Hi ^ r ^ 

(fig. 47). The throe 

vertices A, B, and 0 ropresont tho threo ouiwtil.ii'fuil 
any point on the sides oorrcHpondn to a hismry ilhiy i*f tim i«** 
metals at the extromitios of tho lint. Ttirimry Mom 
sented by points inside tho trianglo, aiitl ih»dr I t 

perpendiculars drawn from the point Uj Uit Thm Mm 

represents the proportion of meUl A; Mb tht }iri*|®*^rlii4ii ul H, 
and Mo the proportion of C. Charpy diwrilnm hi« mMml Ihtit 
“In order to represent tho varialitm uf ^ ctrUmj ih& 

fusibility, for instance — a perpomlicular in mim^l itimi rm. k |« n.’i 
to the plane of the triangle, and a clintanc*^ m mriitsiirrrl 
that perpendicular proportional to the mI .!t 

of the alloy represented by tho foot of ih*’ Ih-o 

lorn of those points constitute the «urfi4Mi iif ftwhililf vhmk 
corresponds to tho curves of fusibility of biwy wdliifu,/* 

Charpy has constructed a model ihowlnif Ihs turfiw i4 iMlsiiif 
of the lead-tin-bismuth alloy s, and baa abii iIip 


106 


ALLOYS, 


of the surface of fusibility («>,'. 18). In this diagram the surtao 
of fusibility of lead, tin, and bisiuuth hUojh is composed of three 
zones, whioli, by their intoivsi'cl i«.u.s give tlio lines Et, E't, and E"t 

tho poirrts EM and K" (sorro-siioinling (o tho three binary euteotios 
of load and bismuth, loail ami tin, and tin and bismuth respec- 
tively. Tho point r cHn'rospoiulH to tho l.ornary euteotio containing 



Fio. 48.— Surfiioa of F«dl»ilily ui tho Alloys of Lmd, Tin, and BiBmuth. 


32 per omt of le&d, 15*5 par mnt of tin, and 52*5 per cent, of 
bismuth, and melts at 9Cr. 

Alloys representad by point^a in the triangle lying above EcE' 
will, on solidifloation, depORit Itiatl first j and in th® same way alloys 
represented by points lyhig hetwoon K<By' and Bi and between 
and Sn will first deptmib biRiniith and tin respeotively. 

These results have been fully oonfirrned by the miorosoopioal 
examination of the alloys. 

Within recent years much has been written upon the oonstitii* 
tion of alloys from a fcheorstioal standpoint, and more espeoially 
from the point of view of the so c.aUed Phase Eul© first enunciated 
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by Willard Gibbs- Tliiw rule statcB that — if ncvi^miry to 

assemble at least n dilfevent molecular specif u in order to comirtict 
a complete heterogeneous equilihrimn emmstmy of n + 1 diftireni 
phases. At ono partitjular and prnHHtiro only in it 

possible to have + phnnas in TIiuh, to take tho 

simplest possible oasc, the compound n,,() m r(*p;ar<led an a fiitnple 
molecular species and thendort^ Now, tlu^re are three 

possible phases in whioh l-liis eomf)f)un(l oan oxint, viia. ioo, water, 
and water vapour ; but aecordiuj^ to (lihlm’ pliasi^ rule only two 
{n-hl) phases can remain in taiuilihrium yx(50pt at ono critical 
point. Thus a oondition of ocpiilihrimn oxUmrIiup: over a oortain 
range of tomporatnro and primnury may bo tmiablinbed between 
ice and water, water and water va|HMir, atul ieo and water vapour, 
but only at ono tompunUairo ami ]ir»mKure (0-0075*' and 4*57 mm.) 
can the throe plmHoa occur iogiUhiu-. 

A more oomplioatod ckhc (wiuoii him, liowovi’sr, been thoroughly 
investigated by Iloos^oboom) is to hri found in the oonditioim of 
equilibrium existing betwetm water ami Hulpluir dioxide. Hero wo 
have two molocular apccien (/i 2) and hnu’ posHihhi pIumoH, viz. 

1. A solid hydrate SO,^,7ll^(), 

2. A solution of BOy in water, 

3. A solution of water in liquid SO,^. 

4. A gas mixture of and H./r 

It has been proved expcrirmmt.ally that only three (n-fl) of 
these phases can exist in a couditiou of equilibrium except at the 
oritioal point. 

It is evident that the application of the phase rule may be 
extended to meet the oanc of alloyH with the object of dotertnining 
the number of poHsihlo couHtitinuitH whioh can exist in a state 
of equilibrium in a given systom ; and this has boon done by 
Roozoboom in the oaso of the iron (‘arbon alloys, The subject is, 
however, a complicated one, and can hardly bo said to have added 
much to our knowledges of alloys, student who wishoH to 

follow it up should study the weirk of phy-sicustK (and more 
especially tho masterly rcsoarcbcH of Hoozeboom) before attempt- 
ing to deal with tho thoorctiaal ccinohmionB of those who are lesH 
perfectly acquainted witli tho Hubjoot. 

Relation between OonstitutiOB and Medionioai Rropertieft, — 
The relation between the cunHtiiution aiid the meohamcal pro- 
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portics of an alloy is oloarly and the subject is of somuoli 

importance in the induHtriid upplioationa of alloys that it deserves 
the olosesb attention. ForiunuUdy ilio Tuimber of constituents 
which may bo prosont in an alloy is limited to four, vk pure 
metals, solid aolutiima, oouipu\imlH, and outeoticB, and it i^ only 
necessary to consider the nut tire and [tvoperties of these con- 
stituents and their influence uu the properties of an alloy. 

Pure mataU arc relativcdy soft, lualloablo, and ductile and 
when present in an alloy they tend to impart these qualities 
to it. 

Solid sohuiomy almady stated, posHOflH properties similar to 
those of pure inctals. d'lioy arc rulatdvoly soft, malleable, aud 
ductile, and it may be pointed out that practically all the in- 
dustrial alloyH whiclx arc capable of luung cold rolled, drawn, and 
spun consist of a single solid solution. Hrass, bronze containing 
less than 8 per cent of tin, iiialloablc phosphor-bronze, coinage- 
bronze, aluminiurn-brouz© containing leas than 7*6 per cent, 
of aluminium, oitpro mangancmo, oupro nickel, German silver, 
standard gold, rnagnaliura, and flome of the nickel and manganese 
steels, are examples of duntila alloys eonsisting of a single solid 
solution. Standard silver may regarded an an exception to the 
rule, but the (|uantity of euteende in standard silver is very small, 
and the ailver eoppor mitaotic is much more ductile than most 
outectics. Alloys oonsiating of two solid Holutiona arc less ductile, 
but are atill capable of bedng rolled and worked hot. Muntz 
metal, mangancHo-bronzis doltei rnatal, and a number of other 
“special hronzcH and hmsHCH, arc examples of those alloys. 

Gompowidn arc harder than the mclals of which they are com- 
posed, and brittle. They dcorcasa the ductility of the alloy, and 
tend to lower its tensile strength. On the other hand, they 
inoreafle the compressive strength of the alloy, a property which 
is of great importance In the cam: of bearing and antifriction 
metals, and at the same time they improve its working qualities 
as regards turning, filing, etc, 'rho indirntrial alloys of this class 
include bronzes containing more than 8 fjor cent, of tin, oast 
phosphor-bronze, all the white metal antifriction alloys, and the 
aluminium alloys containing copper, niokei, or tin, 

'^utecticB are brittle, and possess lower melting-points than either 
eir components. Owing to this difference in ineltiog-pomt 
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the eutectic portion of m alloy separatcm botwann the oryatala of 
the other oonstitnent, formiiig a natwork or aanu^ut, with tho 
result that the ultimate ntrongUi and duofcilily of iho alloy ara 
praotioally the same as thoBO of Iha eut6{‘.tio. I i followH t hat alluya 
' contaiuing eutectics are, with one or two excaptione, unsuitcd for 
oonstruotional work. Their principal einployineufc m probably in 
the form of solders, in which tho dinbronoi) in inciting |H)inti of 
the constituents enables them to be inanipnlatcd whiles in a semi- 
fluid or pasty condition. Tho eutectic of iron and carbon known a« 
pearlite is an oxcoption to the rule and m unhpuH an it is formed 
after the steel is completely solid. The result of ihis in tliat the 
crystals of iron are not surrounded by mitectic, but tho oukH^tio 
is itself surrounded by free iron ; ao that tho formation of pearlite 
in steel is rather more ooiupamhle, as regards Its influcume on the 
meohaiiioal properties, with the formation of compounds in other 
alloys. In order to distinguish a tmtectio structure formed after 
solidification from those formed in the usual way, the term 
mtectoid has been applied to it. 

Alloys containing autaotics are BomtdimcH renden^d useful by 
chilling or cooling them rapidly, so that tlu^ untectio is not per« 
mitted to solidify between the crystali, but is evenly distributed 
throughout the mass of met&l. Here, again, the eutaotlo plays 
the part rather of a oompound than that of a normal euteotlo. 

So far we have only OQn»idere<i alloys of two mc^li or binary 
alloys; but when we ooma to triple alloys the diffloultloe are not 
greatly increased, for we find that tibe alloys conkuu, m before, 
only solid solutions, oompouiuk, and euteetim. It is true that a 
solid solution of three metak may dlfibr in hardness, strength, or 
ductility from a solution containing only two, and it k equally 
true that a euteotio of throo nu^Uk has a lower melting point 
than a euteotio containing two, but the general cliaraoteristim of 
the constituents are the same. Solid solutions are tho ductile 
constituents; compounds are the hard and brittle oonstituemt^ ; 
eutectics are hard and brittle and tend to solidify between the 
grains of the alloy, thus ruining Its ductility. 

It is evident, therefore, that the study of tho strnotnro $m 
constitution of alloys h of the iitm^t importenoo in ■ 

clear understanding to be gained of the faaftmenoe of 
impurities on the meohimioaJL properties of metals. As mcampl< 
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of the various ways in which the meohatnVni 
«>ay be alFeoted by the addition of alioZv ^ 

let us take the ease of a .ri,»i-.ni non-metal) 


metal 


;«t us^take the oa^e of a nuM 

tin, phosphorus, load, and bismuth are added ^ aluminium, 
h fc-Whon sine is add ri V! ««Peotively. 

and elongation gradually increase untS 
mched, but beyond this there isadooroase iiUheT “ 

a Joys as shown by the elongation With 40 n ^ 
alloys can still bo rolled hot, but witlifuitherSdv ' 
ufF in ductility is ho rapid that they are of no use ft clt 
purposes. An examination of the stmoturr Tl «°™tructional 
the fact that SO per cent, of 
«inpl6 luHnogonoous solid solutions whoreaat'tl TT’ 
a soeond constituent mak^ t^pp” IT T 

atrdlo™T"““‘^ constituent increases so the ductility ofTe 

maximum elongation is reached with oSTy tr cl of 
alum nium, and beyond this tho falling off in ductility is so rapid 

oallv tiellT® 10 pur cent, of aluminum are prat 

oally uselcBB. The struoturo of the alloys shows that onlvTout 

I/wTITT by copper with the formation 

or homogeneous solid solutions, and with more than this amount 

3. With tm the falling off in ductility is very ranid tts 

tiT TIT T” ^ ®®ut. of 

. j, f “ ®*P*®'lh®d by the fact that although copper is capable 

1 ® r‘- ■»“»• ^(.17“: 

not homogeneous, the first portion of the alloy to solidify being 

fH » <*^otillty is obtained with much less 

properties of the alloys may be 
-T I’J beat treatment, but for the moment we 
are only oonsidermg the naturally cooled or oast alloys. 

4. IAo>ipAorm.^A small fraction of 1 per cent, of phosphorus 

lZTrT.7 TV° its ductUity, and the 

reason for this is obvious if we consider the constitution of the 


alloys. 

' 'j w 


. ~ vvAxomwA i/ne constitution of the 

Ihosphorus combines with copper to form a well-defined 
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compound, corresponding to the formula uio* !. I - 

orjstallise out by itself wlion tlm alloy cwk, a.-i ih t'Mmo. ; - • : 

case with such compounds, but forms a vtiirinu* wjili . 

portion of the copper. Now it must Im reiiimnb*'ivd ih.d - 
the percentage of phos2)horuH wliich iuIhumrrK ibr - 

properties of the ooppor, nor ovou (Jm ♦*! i h ‘ 

copper, but the porcontage of eutontir ; atifl ivIn j< »%«■■ . 
that 1 per cent, of phosphorus in oquivalmt, ^ . 

cent, of eutectic, and that this whirJi 

solidifies between the crystals of oojipi^r, tt m umI 
understand how a small quantity of plm^^phtuiu^ ^ h « 
marked influonoe on the meohauieal propinlio-^ «*f thr. , .p| 

5 . lead . — Load docs not alloy with otjppMr bui - ■ 

in the form of minute glolmloH of motallir Imd lo !L.-; >1,; ; ‘ 

it has a relatively sniall eHeat on tho strongllf Mf « . ■ . 

Moreover, the specific gravity of Itwl tn'ing mo . *. .,1.. , 

than that of copper renders i(« inlluiuirr jUjII ^ 

important to note that the inechnuinU pnqnulir.'^ »ff a: . « 

governed by the whm 0 of the umrUifUfuris uwi 3.' ? ^ . 

weight Hence, comparing the influenrr uf I |mo ui > .. ; 

of lead and phosphorus, wc find tiuit the - 

the mechanical properties of the nnstiil am U ^ l^n . . ^.3, . 

case of lead and I2'l por coat, in Urn li.< 

relatively small influonoe of lemi on uo{i|wr ami m .h 

by^the remarkable strength of the mt mllml i-r..,..::,. 

which often contain as much m 30 \mr rent, of Imil l\ 
however, that this only applies to ihti mmUil in . , .,o 

copper or bronze oontaiiung a oon^f iiufuit 41 

temperature as 327 * cannot be mnhn\ i,. 

fi. Bismuth^ like lead, deen nol alhiv wjih« .pj,; ? ,1 r I 
lead it does not separate an imhivd Khd-am 1 ^ V J ^ 

network or film between tluMuy^u 4 1. uf o.p]-t o ,- : 

anything above a trace of bismuth su r^pprf . 

to be of any use. 

Prom a oonuklomtiou of thu f,.rc-p.„.^ . . . , 

that the influenoo of m a<idc«i m.-ul 
U pa or form it iiHsumu®, j«nl ^e} ibH tdwiw 
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These questions are of vital importance when dealing with the ^ 
influence of impurities, for it sometimes happens that an alloy 
may be perfectly good or absolutely useless according to the 
chemical or physical condition of a certain impurity. Moreover, 
the presence of such impurities is occasionally unavoidable, and 
the problem then presents itself of finding some means by which 
they may be rendered harmless, or at least as little harmful as 
possible. This may sometimes be effected by heat treatment and 
sometimes by the addition of a second impurity which, by com- 
bining with the first, causes it to assume a different and less 
injurious form. As an example of the change brought about both 
in the chemical and physical condition of an impurity by heat 
treatment we may take the case of steel castings. In these a 
portion of the silicon present combines with the manganese and 
sulphur to form a silico-sulphide which separates between the 
crystals of iron and induces brittleness in the metal. On anneal- 
ing, however, the compound is decomposed, the silicon passing 
into solid solution with the iron and the manganese sulphide 
aggregating or balling up into isolated globules which may be 
regarded as practically harmless in a casting. The change in 
structure is illustrated in photographs 56 to 59. 

An example of change in form induced in an impurity by the 
addition of a second impurity is also to be found in the best 
known of all alloys, steel. In the early days of the Bessemer 
process it was found that the steel produced was of little use 
owing to its brittleness, and it was not until Mushet suggested 
the addition of manganese to the molten metal that good steel 
was obtained and the process became a commercial success. The 
explanation of the difficulty is now perfectly clear. The sulphur 
in the steel combines with part of the iron to form sulphide of 
iron, and this compound having a low melting-point separates out 
between the crystals of iron (just as bismuth separates between 
the otystals of copper as already noticed), giving rise to a brittle 
mefcO. Manganese, however, has a greater affinity for sulphur 
^ iron, and forma a sulphide whose melting-point is very much 
higher than that of iron sulphide. The result is that instead of 
having a brittle constituent separating between the crystals of 
isolated crystals or globules of manganese sulphide are 
ned which are to aU intents and purposes without influence 
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on the properties of the steel as regards its Huitnlahlr f»r r-I 
or forging. But it must not bo supposed that nmiiK ‘ix''.-' m .j . 
is an entirely harmless constituent of stwl. In arge 
:nay he so, but at the same time it is reHiH.m..ble f..r .....y 
troubles, including the corrosion and pitUntt '-I *"'‘"r 1* « ‘ 

At the temperature at which Htoel is rolled tin' nmn^an^ 
sulphide is in a plastic condition and fotlowH the rolhng In Iho 
sam^B proportion as the stool. Thus in thin st.'.d «l.r.Uo it d«. 

occurs in thin sheets or lamina), and if mieh mi. o-.-tr.- 

to severe bending or stamping tho Htilphidn form p anro .-f 

weakness and the metal gives way. I'hotogreph 47 
sheets or flakes of sulphide in soution in a pme-' of roll.xl au*-!. 
and here again its inlluonoo is duo to tho shtt(Mt or form in win. I» 
it occurB. 

Cases of tho elimmation of a cntuotic hy f 


a second impurity aro to bo foinul in tho lultliUnn nu !* • i*] 

containiug phosphorus, and in tho mlflititOi of ^ ‘ i i 

containing oxygen. Thoaa aro shown in ' 

are considered in another clmptor. 

Numerous examples ooourring in ovc^rvdiiv 
quoted, but those already rofrrrod in will Ui 

importance to tho practical man of a i^tudy of iii. 4 

constitution of alloys. It throwa a tiow light ««n llo- mmi 

explains the relation betwoon af)m|wmiiion and i:««rv'|iiiiioml 
pertiea in a way that chemical mtdym hy Itelf k »f 

doing. In fact, it intorj)ret8 the rt^nuli# cif ishinoirAl f - 2 

until recently chemical analysiia im appllrd in mrUlu mud 
has been much loss satiKfatJtory than in nthi-r liranrh#^ 

In the analysis of nearly all matoriak it liim lung rrr-..-ffwtr4 
that a simple statement of tho fKirooutago at i\m | f 

is not sufficient, but that it is noroMsary t«» p f r.ahrr 

determine the condition in which tlmHo «drmr nt - . ur II ^ .! r. 

may describe, thoreforo, M a coimtitutiMuiil ^ ^ c 

actual constituents which go to nmko up tho \h 4\ un h r ^ 1 s., 

tion, whereas an ultimate armlywiji ntily iho rlrti,. j?, u.,.^% 
body regardless of the way in which thoy mm-d 
Mess, it is not the ultiraato csiiiijmitful^ but ilm 
which govern the mechanical and pUyaieal «»f m. 

and an ultimate ohemioal analyais giv« UK m into ih 

« 
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in h(» far an luivo Icarnwl Ly long experience 
UMw^di'iuU^ H oorluiri aualyniH with (5ortam pro])Grtios. Only in 
nun innUuion dni'H the oijoniical aualyaiH of au alloy malce any 
dmtinoiion hotweam tln^ cliilorcuit. inotloH of ooourronco of any con- 
ntit tiont, viz. in Uu^ laini^ of taiHt. iron, in which it is customary to 
ilintiu^nish holw tn'n Uu^ frtu> oavhon or j>jraphito and the combined 
vnrhon. Hut ourhon is not the taily eluniont which may exist in 
inort^ tlian oih^. funu. Silicon, for <‘Kaiu|)lo, may exist as silicate 
or tnay outer iuUJ hoU< 1 Kolution with the iron; and whereas 
ndntivoly hu>^o quant it, in Hcdution are not only harmless but 
ufteti lunuditMid, quant it loH of mlicate as Hinall as 0‘03 per cent. 
iu*t» ohjoctionahh^ if iu)t ntdauilly dangemouH, It has been stated 
hy Lapt. Iloworth that in the (jiiho of heavy nickel steel gun 
per tnnit. of the tost pituu's from the breech end and 
h per mutt, frmn iLe muzzli^ end nhowed Hilioato defects in the 
fnmture. In Hpitn of tho fact, that 0*03 per cent, of silicate may 
dutae the rejeetitm the hUh'I, the Hpee-ilication allows 0’05 to 
per eent. of Hiluaui, and ehumietd aualysiB fails to distinguish 
whether thin in preatmt aa yilieon or as Hilioato. 

The atrueture of an alltjy numt bo governed by the purpose for 
which it in inUuKled. Mure mechanical strength is in many cases 
not tiiu only, or oven tlio most important, factor, and inability to 
roaliHt^ the importance of ntruoture lias often led to unexpected 
failure. An iimtance of tins has boon quoted by Mr Arobbutt in 
iKunieetion witlv Urn mauufaoturo of slide valves on the Midland 
liiulway. 'rh(me an^ uuule of brou/.ci (jontaining about 16 per 
cnnL of tin, and are toHled hy putting thorn under a falling weight 
of U2 Urn. with a blunt knife edge. The valves are oast in sand, 
and when supported on 1) inch oentres a single blow from a height 
of 8 feet is sulHeient in most oases to crack them, while three 
blows from tho same height will breidc them in half. If, however, 
th# oiwitinp art qutnohtd from a temperature just above 600 , 
titty will fttend four blows before cracking and about nine blows 
btfort breaking, In some oases fifteen blows from a height of 
B feet and three blows from a height of 10 feet were required 
to break them. Owing to their unusual strength and toughness 
tho practice of quenching the castings was adopted, but soon had 
to bo abandoned owing to the rapid wear of the valves. The 
explanation is simple. The oast alloys consist of particles of a 
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hard constituent emhedclod in a Kiif{(*r 

and essential struotiu'o of all allojn nMjuiivd !t. u -v^t n 

abrasion. The quoiioliod (ni f iio <»!lo'r i. | 

homogeneous struoturo which is ill iul.H|»!«‘d !(» r« j i 
Another case in whioli to(i nuich impnn.incc 
tests iustead of to struotun% and const ifufiHii h i ? 
practice ocourrccl in the UH(' of an iillnv riiuf jHoii/ 'J > | 
of altimiuiarn and I'i) j)cr lunil- of nian-;ni* imi 1 
Tests on this alloy ro(5ord(Hi in tin' Ninth lh ju.it ^ 
Eesearch Committoo of tho hiHlitntinn id Ah>h.*f) h I 
showed romarkahio rosidtH, hnt a trial of thf‘ u% ih< 
locomotive slide valvt^s showed that, thry itm- ihr * 
away, and they had to ho lakon ottl idirr hnuo ■' s 
S uch experioncoB allord convincin'^ pronf *4 iIm i 
structure on tho propurtioH of allojH in inaa ir* I j, ,r 
is no longer of piircdy thoorolical iutcrr*u, laif m k, 
practical men as Imhig of real impHii.ui.*^ i*. M.. 
gathered by tho re III arks of Mrth'nn^r Hu/is. . i o ■ m 
E ngineer to the JjiuuiaHhiro and \Mrk;.hnf' Haj'A:,v. . j. 
‘^Thesuccoss of a bearing niidalHllriydf'|H ich^ la.ao uy 

than absolute conipoHition, the pruper dihi uhu!i>,. 5 j ,% ^ 
of the tiii-antimony orywUdH in nhuHvi ituiUi% .n hu jr ., 
essential.'^ 
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INMUENOE OF TEMPERATTTRE OH THE PROPERTIES 
OF ALLOYS. 

It fraqiiontlj ha])penH that metalw and alhiys are used at 
tumporatuves (nthiu* abovo or bolow tho normal atmospheric 
teinparatura, aiul it is of coimidt'rablo iiuportanco to know how 
tho metal will Imhavo imdor those abnormal conditions. The 
influanoe of high tompomturos is perhaps of greater practical 
importauoa than that of low tomporattiroH ; but at the same time 
tha results obtained by Dewar, Hadliold, and others at low 
tamperaturos ate of the greatoet value. The available data 
relating to the subject arc not numerous, and in many cases the 
rc8\dt8 are ovmllicting. Moreover, in some cases the results 
obtained in actual praotioo have not been in accordance with 
those obtained exporimon tally. ^I'ho explanation of these dia- 
oropanoiea is probably to be found in tlie fact that the alteration 
in the properties of a motal or alloy due to variations in tempera- 
ture is not always of the same nature, and before dealing with 
experimental results wo may with advantage consider the possible 
changes which may be brought about in a metal by a variation 
in temperature. 

ba the first place, with an inoroase in temperature and con- 
sequent increase in molecular activity, wo should expect a gradual 
and regular falling-ofif in the tensile strength until, in the 
neighbourhood of the melting-point, the tenacity becomes nil 
Moreover, this change should be common to all metals, and ex- 
perimental proof of it is not lacking. Thus Dewar has shown 
that at - 182'' mercury has' a tenacity about half that of lead at 
the ordinary temperature, and iron, copper, nickel, aluminium, 
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«tc,, exhibit a marked incronso in toimilo strength at the same low 
temperature. The following (ignros show the tmiHilo Htr.-ngth 
and elongation of copper at toinpenitureB botwocn -182“ and 
+530°, the first two results heiug thoso of Hadliohl and Dowar, 
and the remaining figures tljoso of I.n Oluitolior. Tho two roHull.H 
at normal temperature are suHieiiiiitly oloao to justify the figures 
being regarded as a single sorios of (ihsorvatiouH (the small 
difference being due to tho fact that Lo (Jhafolier (Mitployod a 
purer sample of copper anil in a completely annealed stale), and 
they may bo takon as rojiresenting the uurmal huliaviour of a 
pure metal or a horaegoneoits solid solution. 

Mbohanioal PnowuBTrns or Ciu'pkk at Vauviko 'rnMi-KUATUttns 


Tompemtiiro. 
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Normal behaviour, minh us that oxhihittsd by ooppor. Is oom 
paratively rare, and we have now to oensider abnormal beliaviinii , 
which may bo duo to — 

1, An allotropio olmnge in tho molal taking place suddenly : 
2, a moleoular ehatigo taking plaoe slowly ; 3. a hoterogunoous 
structure. 

1, Allotropio Ohimgo. -- KxainpIi’.H of allotropio 
aocompaniod by oliangoa iu tho phynical proptnijoa taking plaoo 
in metals are not imoonumm. 'Plum iron nnclt^rgnoa a clmnga at 
760 and also at 880*1 th© throo variatio« of iron hmng donorihod 
by Osmond as a iron, oxisting at tem{s'raturoB Imlow TOO” ; fi 
iron, existing between 760 ami HfiO* ; and y iron at teiaperatareB 
above 860 . a iron is soft and magnetio, 0 iron is non-ma gnatlg, 
an y iron is hard and non^riiagustia Niok«l undtrgo^ a 
at an even lower tomperaturB, y\%. 300*, above which temperature 
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it. o.oaHOH to bn rnap^notlo* Zinc h })ritbln at tlio ordinary tempem« 
tiu'c, but at 150“ it Ijoooiuoh niallcalolc, and again loses this pro- 
perty at higlun' tninpiTat tiros. Tin at low tomperatiires, but not 
lower than tliono reached in cohl cliniatos, undergoes a moleoular 
change and falls U> powder, Sneh c.hangos are abnormalj and it 
is not. y<U. known I'xccpt in ilui case t>f iron to what extent these 
chatigt'H may t.ako. place in the metals when alloyed. 

2. Gradual Moloeular Change. — Some motids and alloys 
undt'rgo a gradual ohung(? in tlnur cryistalluKj character, which 
is greatly a(uu‘utuatt^<l as the temperature is raised, The change 
may ho simply an imn'i'ane in tlio size of tho crystals, or may even 
be a change in the mystailimt form. As an example of the gradual 
growth of crystals we may talu^ tho oaso tf brass containing 
TO per cent, of copper, and aluminium bronze containing less than 
H per cent, o! aluminium. If these, alloys aro annealed at com- 
parativtdy low temperaturoH tho crystals dovelop in size and 
thora is a marked falling-oir in tho tuoohanical properties. This 
growth of crystal will bo referred to later. 

S, Hetarogonoous Struoturo.^ — Alloys containing two or more 
oonstitnents are more liable to siiirer deterioration at high tem- 
pt',ratureB than those containing only one constituent, especially 
if om‘ of the oonstiUionts is a eutectic, ddie outectic having a 
imditng point often very much lower than the constituent metals, 
is afVectwl at a correspondingly lower temperature; and if the 
miteetic’. forms, as is friKjuently tho case, a network or cement 
rotmd tlu' grains or orystals of the alloy, tho strength of the 
cutaotio represents the strength of the alloy. An example of 
this is found in copper containing bismuth. 

(hmsidering thesu three causes of deterioration it will be seen 
that ouo of them, the second, would not occur until after the 
lapse of soma time, and this is suffioiont to explain tho failure in 
actual praotioa of alloys which had given oxcollont results when 
merely tasted at high temperatures. It is tluvrefore impfutniit bo 
note that nmolmmoal tests carried out at high temperatures are 
not sutBcient to indicate the behaviour of tho mobal in practice. 

The most complete series of experimental results yet published 
has b(uni obtained by Bengough, who has exUinded his tests to 
higluu* temperaturoH than previous observers. He finds that both 
in the case of pure metals and alloys there is a gradual decrease 
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in tensile strongth an fcl.o t.(nnp..m(ur.. m- ■ - 

temperature is roacliwl, bnyui'l 'Cii.'li ti..- v. 

more slowly but still unironuly. 'I'biH .-uy- n ?■ 
describes as the of r.TUi..o.d-...i.. 

at which the ohuiigo lak.'s phir,- lo- imli-. lb- " 
point.” The curve r<)|iriwciiliiig lie- i. u <!•■ t . ! ; ’I. 
shown in fig. 49 is similar fo llwi of i 

alloys upon whic.h tests wu-ro .■ai-ii-.i ..ui i - ■ 
point there is a raiiiil iiieiviise in lb- ■ o .1 ^ 

tureapprdiiohos tho melting poiiil of ih' n. f 



Fia. 49,— ToriHilu Htrmigtli nf It'4{r4 -.'i H i ^ 

sudden drop. In niauy mw 

tested above tbo oritiml ' : 

Bengougli pointB out l!mi a ju.olv t ; 

the curves roproHcnl-iuK Iho tMi iiln ' , , 

those which Imvo luu‘ii \vnrkr»l Jti . . . 

Although both uhow thr orifsttil - . . 

peratures bolow this jiojni ,, 

metals, the deoroaao in 

temperature, and the uurvit* m . . 

the case of mrkml r-.- y. , ; ; , 

as the temperature vmm. Tli«? i % 1 ^, - i , , « . . 

in fig. 50. 

The following tabh* thr? ^4 ^ 

of metals and alloys t— 
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Motttl or Alloy. 

Oriticiil 

Tomporaturo. 

Tmisilo Strength at 
Ciitical Tomperature. 
Tons per sq, in. 

OopjHir ..... 

Aluminium 

(5r.0“ 

oOfi 

1-3 

(Uipro uinkol (*20 per omit, nickol) 

710 

U 9 

8'0 

2 ’5 

BruMs (J^O por omit, zino) 

440 

•• Oo „ ) . . 

rni .....j* ^ . . 

4I<0 

5-0 


ThdHo ori(,i(Mil jmintH aro vindoubtodly of grout thuorotioal in- 
ti'roHt, bub froiu Llio pmoticsul poiut of viow tho nictels have ceased 
(o bo of auy uho long boforu tluwo toiiiporaturoa aro reached. 


Alloys used for Firebox Stays.— Ouo of tho moat important 
ii|vpli(naiouN of inottila and alloys at. high tomporatures occurs in 
lirobox plaUis, iviul moro oHpi'i'iiilly (irubox stays; it is in this 



Fjcci, (50,*— Htrt'ngUi of OuBt aod Uollod Motalsat Tfigli Temperatures. 

oonnaation that uiowt- of tho work ou tho Htrength of alloys at 
high tiMuporattiroa Iu\a boon narriod out, and attention has been 
particularly direotod to tho alloyB of copper. The mechanical 
rotpuromontB of a motid suitable for firebox atays are that it can 
bo eaoily worked and rivated, and tlmt it shall be as soft as, or 
softer than, the copper plates into which they arc riveted. The 
alloji examined include bronze, phosphor-bronzo, rnanganose-bronze, 
aluminium bronze, brass, ooppermiokel alloys, and mild steel The 
behaviour of these alloys will be briefly considered. As regards the 
botuperaturo actually roaehod by the plates and stays there is a 
conHidei'able diin^ronco of opinion, and it is diffloult to arrive at 
oonclusions from experimental data. Webb has measured 
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jjIjq ^ 0 iiip 0 rfl(fcur 6 of thti ot'otrcn of li tuuohor of tirobox HtuyH Ity 
drilling ft hoi® through tho coiitro of tho Imml and iiiHortinji; a 
thermo-oouplo. Tho roatillH nhowt'd that at a diatiHicii of 2 ina. 
from the furnacoond tho toiiiporaturo variiul from 170“ to 175“ 
in a boiler working ftt 120 11 m. in-imHuro, atoamiog heavily and 
blowing off, while at ft difttaruuMif half an iiu'.li from tho furnaoo 
endthetemporftturoroHoto 215“ to 2 . 10 “ umh>r tho aamo ctmdi- 
tions. An attempt to dotormiiio dm tomitoriituro of tho Hiirfaco 
of the copper plate and of tho omlK of tlm of ays iimido tlo* llndtox, 
in the vicinity of tho brink iirch, gavo ti'niporiitiiroH of fi lO" aiid 
615' respeotivoly. It niimt Iw rumi'inhi'n-d, lo.wi-vor, that liii'ro 
is inteneo local heating, ftod it in no uiicoiomon thing to bco t ho 
surface of the copper plah* allowing dropH of tmpjior wimro tho 
metal has boon aotiialiy melted. It in diilUuilt, tlu-refons to «ay 
what temperaturos are mitually reiieluMl, hut it iimy Im liiken that 
the stays roftoh a temperatiini of at leiuit piohaidy 

considerably more. 

^ Bronze.— Tho only ftlloy.i of die copper do .lerien iiv.iihil.ie fur 
thepurpoaeoffiroliojtHljiyH are lliomi rirntfiniinf- I,...,, thjtn per 
cent, of tin (that is hi nay, iho.w iHijiHietiiuf „f ,i 
of tin in ooppor), and theHit are pnihahl v dm leatK, y of 

sny alloys. Their moelmnieul proiH-rli.m fall oil' rapidly at ttlamt 
200 ", ft bronze giving ft tiitmihiwtreiigil, ,,f a u«« {a*r wi. in. at 
200 " falling to 7’S toim at 2 ( 10 '. 


In an actual toat carriid imt hy Wohh, tlm Imiler of s six wheel 
coupled goods ongmo working at 150 llm. jmr nq. in. wai fin. ,| 
with bronzo stays oontaining 3 jmr oont. of tin. After running 
93,290 miles 146 slays Imd to Im removal m defeeiive, and tlio 
average rate of roiiowal workeil tmt «t (me ntnv i«>r 7UI milra 

Phosphor-Bronze. The i-fimiplmr hron/uB p,u.m,H,„g ’ tho 

mecknioal properties siiituhle fur lirel».x nin^o nr.. de«,. .-.mtain 
ing small percentftgos of tin and only tno-en'nf ph . .j.!i..i -r, I,, 

fact, the phosphorus merely ioUn m, a d. ud.Ji.u r. mei pudiiemi 
a better class of bronOT (him ihat ohdutie.l |,r ..nhimi v im limg 
Data relating to tho pniiawtimsof pl„«phor l.r.m» at Ingi, d-iupera 

toes are scaroo, but it Upr«l«hU. that Umy would 

advantagoB over orditmrj limtinit. 

Ihtt allwyi cif ftltimliilnm e»|»pir 

ining leas than 8 ptr mnk i»f ilit 
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qualities necessary for firebox stays, but they deteriorate very 
rapidly at higdi temperatures. A bronze containing 7*1 per cent, 
of aluminium, which showed a tensile strength of about 25 tons 
per sq. in. with an elongation of 89 per cent, on 2 ins. at the 
ordinary temperature, gave only 9 tons per sq. in. and 14 per cent, 
elongation at 400'’. 

An actual test carried out by Webb under the same conditions as 
those described in the case of the copper-tin stays gave disastrous 
results. The alloy contained 7 per cent, of aluminium, and after 
being in use only two months and running 2400 miles, the engine 
had to be taken otf the line owing to the number of breakages. 

Le Blant also states that the alloys of copper and aluminium 
are the most sensitive to an increase in temperature, and these 
practical results are the more remarkable, inasmuch as Charpy 
describes the aluminium-bronzes as being superior to other copper 
alloys. The explanation of this discrepancy is to be found in the 
fact that aluminium-bronze (containing less than 8 per cent, of 
aluminium) is one of those alloys which undergo a gradual change 
on heating. At a temperature of 180° (and possibly lower) the 
crystals increase in size until they reach very large dimensions, 
and the growth of the crystals is accompanied by a falling-ofif in 
the strength of the alloy. Photographs 28, 29, 30, and 31 show 
the changes which take place in the structure of aluminium- 
bronze, the alloy represented being the actual material used in 
Webb’s experiments. ISfo. 28 is the original material as supplied. 
Nos. 29 and 30 represent the same sample after prolonged 
heating at a low temperature. No. 31 is the same sample heated 
to a higher temperature, but still below its melting-point. Test 
pieces of the alloy showing large crystals, as in photograph 30, 
give low tensile tests and show a curious crinkling of the surface 
over the whole length of the specimen. ® 

Brass.^ Oopper-zinc alloys of varying composition may be used 
for firebox stays, the percentage of zinc varying from 0 to about 
40. Those containing less than 10 per cent, of zinc appear to 
give fairly good results in practice. Thus, in Webb’s experiments, 
a locomotive boiler working under the same conditions as those 
previously described, and fitted with stays made of brass contain- 
ing 90 per cent, of copper and 9 per cent, of zinc, gave results 
equivalent to a renewal of one stay per 5588 miles. The renewals 
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were mostly dm to wasted luwk nwl hiik 4^^% r.f 

breakage. Alloys containing a hi ^ 
exceeding about 30 per emit, (timf 
a single solid solution) show a «h'ri<lrd 

an increase in tenipcraturo. 

Brasses containing about 41) por ‘’rni nl 

constituents, both solid MolnlioiiH, gn*' I-’- ^ 

found that an alloy oonlainiug UJ pm’ . ru! ■ 


equivalent to one stay rmiowml :'il- uni 
Copper-Arsenic AUoya do ihri 
arsenic up to O'h por mm t, m nmu* ^ 

alloy for (irobox stays. (Hviug Un i ;.?.5 

few competitors until rommdv, buf v 

used, and it is probubh^ (liaf th*' rM|»|ers u-t-i., * v 

much lees used in tho fiitiin* thitn ehr^ pr ; 

Copper-Nickel Alloys, {^i| fjw^r ; 

nickel has boon iisod for lirrlfMi r.. , . 

alloy maintains its Btrmig(h viuy ^*11 ,ii; i: , 
it has been stated that it riiHibi iUl «<- , . i ■ •. . 

factory and roliablo KUt-y umti^riid I i4 ^ ^ 
obtained in actual pmid-iro imviMoti I <, , 

containing 2 per oonfc. of niokoloiu^ird!<*fi . . s 

Sir Gerard Muntz has Htatml that mhni % i,,. . « . 

this alloy they rarely roturn iu tin 

■The alloy is only slit'll tly allivtcl l.y Vai*!.,. 3, 'i,.» i,.,, ,...) 

Manganese-Bronzo. An alloy J 

copper and 4 por ooiit. inaiit|jtn.‘m>, u'lii. }) is ^ i, > . . ,; , , • , , , 
as cupro-manganoHo, bitt w.l.l r..miii..i- «31 . « ..w •. . f.. ’,. 

is iioff very largely um-d. Imit, h,„ , ' 

firebox stays. In a ri'jinrt. NuhiiiiHi .i t., 

ciesMiSthodesd’EfiwimdeHMiiiiii.uadr t 

firebox stays, La Blunt sUif.« 1 1.1.1 i i... / . ' , ' ' 


least sensitive to heat is . . . j 

the matter stands at present, the „ , , 

of breakages is ouprntiminfaiiew ii.,t 5 ■ 

11 -«w. . 1 ,...., 

the lines of stays whirl) hrei.k f,„»i W.,.,, ,< . " 

possible from the fire ■' 'I't.i * ‘ ^ 

following u j* imtna , 
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CHAPTER VI. 

CORROSION or ALLOYS. 

In H[utd of tho fmt that the influeiioo of corrosive liquids on 
iocUIb and allojn is an import/iut problem in many industries, 
tharo is vary Ut(k available iufonnatiou on the subject. This is 
prolmbly* 'due jairtly to a widcHproad robictanco to publish the 
rciulfca of \praf5ti(ml exporienoo, and partly to the difficulties of 
exparimantal investigation. It is obvious that experimental tests 
can seldom reproduce the conditions wliich obtain in practice, but 
it is ttovertholeHs poHsible to obtain comparative results which are 
of considerable value. 

Tim process of corrosion may take place in several ways. The 
HitnpluHt of these may bo doHoribod as ohomioal corrosion — that is 
to say, the alloy is merely dissolved in the liquid in the same way 
that a simple metal is dissolved in acid, such as zinc in sulphuric 
aoicL 

A more complicated process of corrosion occurs in the com- 
bined inOuence of a corrosive liquid and the atmosphere. This is 
of very common occurrence, and is frequently observed in the case 
of copper alloys, the maximum effoob of the corrosion taking 
place at the surface of the liquid or when the metal is alternately 
immersed In the liquid end exposed to the air, An example of 
tto i« eeen In the corrosion of brass by salt water. When totally 
immersed the corrosive action is slow, but in the presence of the 
atmosphere oxychloride of copper is produced, and rapid corrosion 
of the brass takes place. 

Perhaps the most interesting and the commonest type of 
corrosion is that which may be described as eleotro-ohemioaJ. 
This occurs when two bodies possessing different electrical 
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properties are immoraed in contact with oiu! iu ii r»rr--4v.» 

or conducting liquid. Owing to the ilithwiv^ a! p>d^ufA.il 
between the two bodies an alacjlnuiuitivo iuiTu in r ni*-, f>t, in 
other words, a galvanic batterj is fonnni, and utw «if thi* l 
passes rapidly into solution. For tliis nnuaui nirlalH and ® *4 
different properties must not bo pimnni in tHiiitart undrr Ii | it 

Here we are dealing with two nudalH ur fillnyii in m-A ihr< 

case is comparatively simple ; but it ftdltiwii thut ch«* 
will take place in a singlo alloy if it m not hMot. m 

structura For oxainplo, an alloy wla«^o runrjfiito idu or4 

on cooling, or form comptnualH wiuah nn mill 

almost certainly be rapidly cornKhnl cm iMTount of Iho ilnlrft urs? 
of electrical potential btstwcjon tluj cnumtitiirmt'i, IUah^-^ 
forming solid solutiona arc unually hid. tor ablo t<c i 

than non-homogerioou8 alluyn. linpuntio^i duo fi* ih*i 
treatment of the alloy, sucdi m dnmH, idug, uiidm, pI.- , 
a similar manner. Tlum in thc< fam< i»f t*f.p|i.r| i 

of copper oxide is partimdarly injuriouii* find ^ 

f^^uiod by the action of air and r ifo j/ %. 

accelerates corrosiou in tlm aamo way. 'I’ljo utilu. n. n .if tws j 
on corrosion has rooolvtvd tnnm ntU'ittii.n m lii«. 
than in the case of alloys, mul it is wi-ll kn..wii wul. 

in a pure state arc only solul.lo with .liir<.niUy ii|4,>4a. 
the same motals in an inipimt nni r..8iiii|^^«|,^‘^i, i|,c 
same acids. Unfortunatuly onu of tho iwwt fjwirtjrflh* 

is usually ovorlookod in apito of Ihn fact tha| 
occurrence, ^ Oxygon in the form of iftoUIlio <g§^«n.i 
products is Uablo to occur in imarly all motali^l 
a frequent cause of local comwion ami j.ititn^^Timi i! j,«t 
reoeiTed more attention in this connin'! i-n i^m-h-ihh .i.i« 
fact that Its preaeuco is not imlicatinl in t , 

chemical analysis. Copper is tho on,, 

IB ever determined. 

Metallic oxides appear to laj prar-li.-iillv in-...lnMr. «, s 4 i . , ■ , - 
and occur as particles rarying in hi... ami .h.-.irihu,,.... c.u, . i- a 
Ind nTi I^hotograplu. fit ami 1.5 tmm an 

tomu!tr!t^*lr°*^°“ of & locmuotivo hr.,W, ^ 

he microscope. The importiwe® of U» ei«t ^ 
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oxide partioleB on the oovrodibility of the metal can hardly he 
over eHtimated. On immerKiou in a corroding liquid each particle 
fornm a small galvanic couple with tlio surrounding metal and 
bocomoH the Httiriing-poini of a “pit.’^ 

The dilhircnces of potential botvvcou metals and their oxides 
have boon itiHudicionily studied, but it is probable that in nearly 
all cases they are of much greater importance than the differences 
of potential Ixitwcon the metal lie (U)nBtitaentH of a non-homo- 
gfUKunis alloy. Thu ordinary olee.tric accumulator or secondary 
battery may be taktni as au example of the practical application 
of the dUlereuce of potential between a metal and its oxide; and 
an (example of the inthuuice of au oxide on the rate of corrosion is 
to be found in the well known fact that when the protective 
oxidt^ coating on steul is partially removed corrosion of the 
unprotected stcul is greatly acccdcrated. 

Experimental resultH on tlm inlUieuee of oxidos on the rate of 
corrosion are scarce, but a series of tests carried out by the author 
and extending over several years may be of some interest. A 
mimbcr of stetd plates rolled from ingots which had been 
aar(d\illy dcoxidiHud by the addition of hiUcou, and a number of 
plates rolled from the same steel made in the usual way, were 
lapostul to the London atmosphere and at the end of every six 
UK mths tlioy were carefully cleaned and weighed. The experiments 
were rcqs^atod on dijlbreut makes of steel, and in each case the 
result siiowcul that the corrosion of the ordinary plates was grete x 
by 24 per cent, than tliat of the deoxidised plates. It is evident, 
therefora, that the dillbronce in corrodibility between a well-made 
alloy and the same alloy badly made may be greater than the 
dilTcnmco between two alloys of different composition, and unless 
thuHO facta are taken into consideration the results of comparative 
experimental tests may be very misleading. 

In some eases the process of corrosion stops itself automatically 
by the produotion of oompounds wbioh hinder further corrosion. 
Oases of this description are not imoominon, and an example of 
the ^oatest importance occurs in the employment of lead pipes for 
carrying water. It is well known that lead is appreciably soluble 
in water, and to such an extent as to render the water unfit for drink- 
ing purposes. Moreover, nearly all waters contain considerable 
quantities of sulphuric acid in the form of sulphates, which also 


COliltoaiON OK AI,l.o\.'- 


I ^ •' Sts' ^ 

’Xhr-t 


have a corroding action on Imd ; htit tho prodiiof ih* ? ; 
inthiscaseisapractic/illy irifiolublt* c(nn|HMni«l, iv.iN-, - 

forms a coating on tlio Hurfaoo of the lujd nl. vi |>t o 

vents further corroBi on, oithor hy Nulphn!*^?* !»y tio' »4^?rr jt 

Similar incorrodible ooatingH am foriiH'd nti rrrt^uii xtA 

an interesting example may bo citni tu iUm .!i 4 t« ih.^ 
another protective iufluonce exorlod by 
This is found in the wuie of an allov uf (Ul.! 

60 per cent, of each motal, whii'li in itivH in nllv j;. -j 

ordinarj acids. In hydrciohlorii' lu'iil nr (njuii a ■ 

silver chloride is iinmodifttoly ftirnicil, luni nli , ; 

nitric acid the silver on tlio Hiirffifn in lU'i !i,r, .,,i. , 

then protected by a coating of ^'old whiflt |.r,'v, hs,. (.,if « i.. 

■ taking place. This fact is well hinmn i.iali .u. n. < >. .»t, i i.; , , t 

and in the oporathm of “jiariiiig" r- ' 

the silver with aoid) it ia lu-i-iwury that »i.. .ja.. .n-f ■,! - 
should be oousidorably in exi'iw of Uk- 
incomplete. Certain ta.p]mr alloy.', ■, 

the alloying metal boing (li.M«oU-o,i o.i! a n , 

remains, which is only slightly artel n|„„i t.y !i» . .• . . 

These facts are of the grrat<'Ht iiii{.oi fitiir,- ao-i i* 

borne in mind when oonsidorinK thr rr,..,h, ..f 
as they will frequently explain the aliuslii.g 
« results of actual praetie.i and Uuw,* .d-imiw-d n, > 

obtained by simple uumeniion of tho alU.y 4,,.,,^ ^ , 

or other corroding liquid; but in art, mi , 

usually accompaniod by enmiou to a gn-aSor or b-.. 

the effect of this orosion in removing pr, 

exposing fresh surfaeus to l.ho „i '.■.'ri...... ' ' ’ T- T 

imagined, although it is often ov.Tloot. i * ‘ * 

yiother unavoidable dmwbark IV... „ 

suffer IS the fact that Urn results m,v ahvuv., ' ‘ " ’ 

lossof weightoveragivon mirfao,,. Whd.- li. • " ' ^ ’ 

oorrodibihty of different niotids. it only tak., ; " ' ' 

oim^om corrosion and throws no Ibht «„ tl * *** 

and breakdown ooourriinr i,, 1 ^ ^ 

almost invariably caused \y kw™! ‘’*'**'"'’**' '^ ***'«’ 

obvious that a certain loss of w i f f ”* ** Htlmg. ***,1 ^ ^ 

loss of weight «ea«m«g h„||, 



'iioraMonouH rosulte than tea « 

uaiformly over the whole Hurhioe Uniforl*^ distributed 

" “ I-”"™ to, whi.1, r. “ • «™ 

Irat lo,„l o„rro»lon i« m 

I I'OunmUBt number oP ojiu,,ri„i,.„t« o„ ti ^ I''* 
niiiiwir to liavo been oartiod out to ““fejeet of corrosion 

of .notnl. by ,« ,nt„r,” d 1 ,T" f ‘ '»««' 

f. Milton end Wk;rrr.,«" ^ 

of MotolB/’doliuo "doofvy'',m r*‘^'** “Decay 

"t .» «% « dieting, .i.L ,,r. w ^ rf r “'j 

«nt. 01 tin mldcd to 1« S Smr„ , “T,* ““ ‘ f' 

'•.m.i,,„ or d.«y, „„d t„„ir con. am 

i. J'omZ'roTnto'lir in 7“ “ 

i»moKm.„„, I" ooniparalivcl, 

o.,»?n„ «fon “nltrit" ““ “ 

P*rt only „ th, '.onetitnonL 

vmQvm all the metal attaaked. ’ 

hI.I!‘ “tiou 

u !’ Z T action combitiod. 

1. I aung or mterwo local oorroaion, « probably often due to 
l-oal HCKro,a.ion of impuriticH in the metal, buttomayZto 

frZni^ (•'' f r by local 

in the distribution of galvanic ourrente. 

wliiln h!Z^?" tin is distinctly preservative, 

milluv l!^n‘r r th^lloymor: 

thorefon, ir' n k P®«‘“>toge of the two latter metals, 

, should bo kept as low as possible in all brass intended 

with sea water is inevitable, 

a minimum of corrosion the 
. tubes should be as smooth and uni- 
nine from ^ ^ condition, the oast 

eith r before the drawing is eommeneed or in an early stage 
the promiss, as is done in the manufacture of brass boiler tu4, 
the experiments with an applied eleotrio current show that’ 
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electrolytic action alonc 3 , ovmi wii<*n* mr^-^-lnnAy mmnfr . 

are employed, may ivHult in tamnv -r -I- 

effort, therefore, should bo rnmio it* |tn’v«’ui mwix iwlun^ t« 

insulation of all olootrio onhlvn. WUnr i^^dvnnu^ ti ;? 

evitable through the proximity cd riiiirn ut iw f un r^V' ’* ^ 

same electrolyte, tho ouiTontH ivHtdfrui^ NliMU^ bo i^r j V. - I . 

the application of zinc plata in (lo* oiivuie, nuan.- A ^ < 

will be nogativo to both of t.lu^ oibrr mri rtlfiy 
Diegel has stiulit^d Mm nami? Hobjrri, ;ujd ^ 

summarised as follows :-‘iIo IukIh tfmt m I-? t < . ■ 

zinc the addition of Tiiokol ('xorts h brnmtrjnl mi' -r., , i -r 
contrary to tho exporiiuico of Mr lih«« 4 in A i 

considered lator), who KlatcH that a |au*-iv.: bl i-'.i.i ^ * 

nickel is incornpatibla with low pormuitin-tt* br-r^ ^ > ' 

The loss in weight in grama por t w' ^ .v; vll ^ ■ 

suspended for twelve months in hph aat- i m via ti . % ■ 

Mild stool . ♦ , . 

Ooppor-niokcsl f4*i por emit Ni) . ■ j 

,, (iJO por f'mit Nil , i r 

Goppor-Hluriiiniiini (H pf^r .U| . o *' 

In contact with iron tlm alloys Alv n.. h^m 

Iron or 01110 plates are alrmwt invarmbly >1,. 

of condenser tubes, and If thtwci aro td Htnlabb^ m-'i 

properly made troubloH due to norro:‘duij rf^ 4 iir.*n-| . 

This is borao out by Urn st^iUunoni of Sir Arti*il 4 
Admiralty chemist at Porteniouih, whu myn : ** In ^1^0 »d li, 
faetthat some millions of tulm^ anUti uwitit tlm l-kyal r.t 
any given moment, the mnrdmr of etmtm oiMb-.r . 

in which localised corronion Ims bt'i'U oh,%Tv #*4 «b^ uui fii 
amount at the most to more than alnmi tmx i^r usitmm ^ ll.-. 
attributes the froedom from rorroruun to 
to the oompomtion of tlm alloy; Momndly* n* fi.« 

maimer in which tube tniumfm’tur«u"^« air rd b* m ; ® ; 

of the exact oomposition wponirmri ; lusd, tiordb, , f , * 

manner in which the uhd of Him}, iron, or pr 4. - . 

bars has always been irmink^l u|Kin 

As regards the oopporaIuminliititnn..>'».{*«r|B,i»i«r *».! 

have compared five alloys of copjan- and uUmmmm) m.tt, M#«t* 
metal and naval brass. The alloys wor,. 

wbioh was changed every week, and ttw riwiiii«. „ 


alloys. 





4 

i) 

U 

l.M 

Muiitjr, luoUil 
Nhv«iI hrnHK 


“1 ‘0« jn‘r Al. 

fr07 „ 

n :: 


olia»}>« of woiglit in poundM por wpniro foot oer moni-k i. 
it> tho followiip; tal)lo ^ 

OoiniKiaitiftii. ni,„„ . , 

Ulittiige in Weight 

■0028 lb, 

•0001 
•0000 
•0000 
+ ‘0001 
- -OOU 

't’l <1 

Iho authoi-H oxplaiu tlio pun in weight in the case of the allov 

llSr::;! ; ‘"T^ that there t 

kht oxuhiUm (jf ahunumuu on tho Hurfaoe of tho alloy 

by immersion in sea 

wall . at, 1 orlHimmUi Uimkyanl (gavo tho following results:- 


AlU>y, 

U 

4 

6 

9 

18 

Mwntx muiUl 
Naval bm^H 


C'omiKwiliou. 
I *0(i 
2‘09 
6*07 
7*a6 
1)110 


Chfinge in Weight. 
0-0017 
0*0009 
0*0009 
0*0009 
0*0008 
0 - 002 $ 

0-0012 


In oontaot with inm and under the same oonditions the alloys 
wore comjikitoly iirotooted, while tlio iron lost -008 lb. per month. 
On the other Iiaiid, in fresh water and in contact with iron, the 
aluumimni nlloys wore corroded, wliile tho Muntz metal and naval 
brawl Mufl'ered no Iomh . The actual rcHults wore as follows:— 


Alley. 

4 

« 6 
9 
IS 

Muntg mtitel 
Naval braim 


(JoinpoHition, 
1*00 per (Kint. Al. 


5-07 

7*35 

9*90 


Change in Weight. 
•0008 
-0008 
•0008 
•0010 
•0010 
-0000 
•0000 


In fchaae yxpantriente the aluminium alloys were from cast 
Bampbi, whU© tjxe Mimtss metal and naval brass were from 
TOlltd samples, so that the results are not striofcly comparable. 

Manganese-bronze is praotioally unafteoted by sea water, and is 
in oonsequence largely used in the manufacture of propellers and 
propeller blades, liolled or malleable phosphor-bronze is also 
ittle aflooted by sea water, and has proved satisfactory where 
brass and steel were useless. 

Apart from the corrosive action of sea water there are many 
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important industrial pi'obloms oonnooted with the udn-DHioii of 
metals and alloys. Tliijro ia a ooimidorabli) iloniiuul, for oxiiinplo, 
for alloys suitable for tlie ootmtniotion of pumps ami pumping 
machinery dealing with corroaivo litfuida suoli as aoid luitu! watmn, 
and also for alloys snitahlo for ovaporating pnim, stirrers, eto., but, 
as already mentioned, thoro is very littlo roliahlo i?iformati(iu cuu- 
neoted with these subjoots. The lloiiifacius (fuiil Mining (hnupiuiy 
of Westphalia madonsori OH of oi)m[MirHtiv«oxporiiu(>iitHwith\vr(night 
iron, steel, and delta luotal, wbicdi Hliowod vt^ry (lo(!i<U!<l lulvantagcH 
in favour of delta tnotiil. Bars 7 i itiohoH long with a Hootional aroii 
of '62 inch were immorHod in the initio water for montlm and 
the loss in weight dotonuinod. 'I'ho rosnltH wore as follows - 



Wrotight Irtui. 

Htiwl. 

DtdU. Mfilal, 

Weiglit of original bar . 

I'lHim 

1 *2126 

i'a 7 H 7 

Weight of corroded bar . 


•8814 

1 ■ii 6 ;ia 


•A series of experimonts on Iho c.orroHion of oopjior alloys by 
acid mine water has also been doHoribod by a writor in tin* /bvM.s 
IforW, In this case the water couttumsl lU-HH per r.i'iit. of froo 
sulphurio aoid and 'tS’OO per cent, as snlphattis. The six alloys 
tested had the following oompositions ; — 


Alloy. 


Mauganese^bronzd, oa»t . 
Mangaiieso-broniie, rolltitl 
Muntz motal, rolled 
Bronze .... 
Red brass . , 

Hydraulic metal , 


Ouppor. 

57 'SO 
82*45 
57’65 
82*80 
H076 
88*05 


*. Zino, 

Tin. 

LcMid. 

Mau- 

gitinw. 

Altt- 

minium. 

Iron. 

40‘X4 

X‘ia 

0*02 

0-03 

0*10 

l*.3a 

88'00 

0*68 

0*06 

0*02 

0*84 

40-02 

1*49 

0*56 

j 


0 38 

... 

17*70 

... 

j 


1*78 

a 73 

874 

1 


0*05 

6*0n 

l()*Hl 

0 10 j 

1 



The relative losses exprusHotl in woiglit por cent. \v(^re— 


Hydraulic metal 
Red brass 
Muntz metal . 


0*58 i Hntijzn .... 
0*70 MHiiKaiiBHa (rolhBl) 

1*88 1 (cuht) 


2*00 

4*80 

0*87 


Unfortunately, in thewo exporimonts the wunploH wer« of 
different shapes, and it is obvitm«ly luiBleading to exproBB the 
results in weight lost without considering the extent of surfiMje 
subjected to corrosion. Kvidently the rcBults require oonfinnation. 

With a view to doteruiining the relative rates of corrosion of 
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l.'U! 


copper alloyH in aci.l liqnida the (vutlior carried 
toHlH on the following fourtoou uommercial 


i* tiuii'mclsi,!. 

t Wit, fJUlMlUltjU. 

H. ( Unt. limns. 

Itollf'fl lu'USH, 

T'. t 'ftst jiliiiMphor lnMnzo A. 

M M U. 

.1 M 0, 


out a series of 
copper alloys:^ 

B. pho8pIior-bi’on-Ko D. 

9. Mangjuioso-hroii^^o. 

10. rmiuadium bronze I 
M II, 

12 . Ahiunuium-bronza 

12. nrotiorilio. 

H. Rolled ]ibospbordm)iiz0. 


The li.piidH mdccted were Hulphurio aci.l, anlphuric acid contain- 
mg Hulphato of mm, hy.lrochlorio acid, and hydrochloric acid 
.•ontaining Bo.lium chhando. Tins rcsnltH, which are only 
coinparativo for the HorioH, arc givon in grama diaaolved pet 
Hq\uir»* iwot.ro of Hurfnco. 


(^MUinKHJN in A 10 I'JUlt CKNT. Sohl/TION OF Sui.PHURTO AoiD. 


L immadiuiuduniizu I . 


4*23 

2, Rullod phoHplmr-bvouzo 


. 6-81 

8, Aluniiinum-brunze 


. 7 ’00 

4, tlawt plmsphor-brunzn 0 


. 7-37 

6, Rtdlad brass 


. 7-43 

6. CftNt, brass , 


. 7-48 

7. Rollrd guu-motiil 


. 7-r,2 

8. Cast giUMualal . 


. 8-13 

9. Oast phtm}>hor-l>n)nze H 


, 8-64 

»0- „ D 


. 10’66 

11* II A 


. n-ao 

12. Orotoritfl . 


, 11-48 

18. Immadium-ljronza 11 . 


, 12-02 

14. Mangauose-bronzo 


. 18-83 


TuON SubniATE. 

. 8‘47 

, 1‘2*02 
, 18*66 
, 21-96 

22 - ni 

23- 06 
23-62 

23- 67 
24*68 

24- 80 
24-91 
26-81 
27-18 
29 76 


ComioBioN tN Surj’uijRUj Acun uontainino 
1. Immaclium-bruiize I . 

M M n. 

8* Oast; plioHpbor-brunzo A 
4. Orotorito . 

6, Eolled phoaphor-brouzo 
6. Rolled gun“«m«tal , 

7» MangAnwe bronze 
8* Ciiftfc pboaphor-bronzo 1) 

9* Hoi lad brasa 

10. f’aHtbrafis . 

11. Gael; gun-metal . 

12. Cast phosphor-bronze 0 
19' u M B 
U Aluminium-bronze . 


r 


i 


OORllOSION OF A 1.1.0 VS. 


C01.KO3IOK IN A 20 PUBOBNT. S...,.m..N 

i-w-» ■ -u A» 

1. Immadium-hron^^o I . 

t #5? 

2. „ n . . . 

1 

3. Rolled brass . . . • 


4, MiMip;aiioso-l)r(iuj!« 


5. Rolled ph(mphtir brt»ir/j« 

% ■’t 

6, Ahiminuiindjruusso , . 


7. Oast brass . 

9% ^ 

8. Orotorito . . . • ' 

’■t 3 ■ 

9. Rolled gun*moUd 


10. 0asfcplio.4phor-br«»ii/.i' A . 


11. Oast guu»mt»tal . 

4- 

12. Oast plioHplior-hr'oa*' U 

■’* ■' 1 

» ’ •s’'* 

18. M M *■ • 

ft ■ 1 »• 

14. „ .. I' . ■ 

tri in 

COEBOSrON IN A SOUITJON <IK 2ll VKll i l SI 

Ih 

AaiD AN)) 10 I'KU IMJNT. Hi.- .Sui.jDM * 

pi ^ 

1. immadiiuu-hrmisjo U . 


2. Rolhd brass , . . . « 

«:■ 

8. Mangaiicse-brtmxtt , . . 

n ^ * 

4. Imnmdiumdirouxr* I . 

M ■ ■ ■• 

6. Cast brass 

. ,% »'■ ) 

6. Alum iuium-bron 5^0 , . . . 

it U 

7. Orotorito .... 

41 

8. Cost pboapbor bfon?,i» A 

41 

9. ,, M ‘ ’ 

m t^n 

10. ,, U . . . 

IMI 

11, Rolled phosphor brim 

I’i Si 

12. Rolled gun« metal . . » « 

m 

18, Oast gun metal . . . * . 


14. Cast phosphor»brou»A U , , 

ti-m 


MrEhodin has rnad« a q)arial atitriy (iif thr^ ciurs* I i « 
alloys, and ho dividoH alloyn into ivvf^ 4^^-^-nlmm m 

“balanced” and ** unbalanatHl.” Iialiuu*i^rl 
to be analogous to double miltn, and xhn uf mtlnh-n it m 

follows; — When brnna (to iako an oxanipb^? 4vy ‘U>^ iu i.-i : - 
ohlorio acid, ssino chloride and cojipt’r rfd«>n»h» % 

the heat of formation of s^ano rlilMndo in i^sri^irr ihi^u ih%^ ” 
copper chloride, henoo In onltir that tlm i^4-4l «4 il:ie 

system may remain balanotni, tha i^i 

vary directly as bho himtii of furymtltiiit^ %te- -mm 

and copper will carry ourrant in iti® dlriii^i rmilw t4 
conductivities, and dlvitllng by tb® IfP |«.«f 
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expressions 

dissolved. 


ropreHOiiting Uh' ratio of the weights of each metal 

V X M X 0 
1 > 


whore V is tho valency of tlu‘ tuotal, 

M the niohunilar heat of lorination of the chloride, 

0 the conductivity, 
and tho donsity. 

In the case of brass, tiu'so exprf^HHions give values for copper 
and zinc of 61 and 30 rt'Hp('ctivcly, whicii is approximately the 
composition of Muntz xuo.tal and t.h<\ alloy which Mr Rhodin ftuds 
the least oorrodiblo of the ooppor-zino alloys. In (joulirmatlon of 



Fio. r)l.-~Eliodin’a OorroBioa Apparatus. 

this theory Mr Ehodin states that the addition of a more electro- 
positive metal such as aluminium deorcases the solubility of a 
brass containing 70 per cent of oojipor, but increases that of 
looo f.Eati 60 per cent* of cojjpor ; whereas the addition 
metal such as tin lias exactly the reverse effect, 
npare the rates of dissolution of alloys "Mr 
d an apparatus for measuring the volume of 
luring a given time. The apparatus is shown 
'.plains itself.^ Tlie water-bath in which the 
immersed must be kept at exactly the same 
wo burettes are provided with a three-way cock, 
1 be taken at intervals of ten minutes by using 

re inserted by permission of publishers of Mgineev. 


OORROStON OF ALt.O^h. 


■ The allov t(i Iti* i* 

“• ‘So-s ...1 . “« 

X” »>™*' ' ;ri'r«‘,’'Ri''.i ” 

maintained. Kg. 52 n^nmnitn huukm-™ K!v«. I.> . 

,3 typical of the following alloya 


S 


0 10 zo $0 40 su m m m m m m 

Tim» iff 

fi0. C*iirf« 

L Copper o! good 

IL BroMooontamhtg IHI |ior'»n?. I |M|«rrv«Hi "n- 

III. Admiralty gun-rruiuL 
lY. MmiU metal and very gmd 
: Y Braes containing 70 |i«r otnit nf «in|i|t*fr, 

YJ, Low peroentagi briwtw* rioli iti itim. 
yiL and Till. Low p-iroiiwl^go Lri»« «*! 
type wbioh contain inaoinpatibli 
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Ab the roHult of hiH oxporimentH Mr arrivoB at the 

conehision tliat iu a given Beriew of copper alloyK ‘‘ tho alloy which 
has the flattest and moat regular dinHolutioii curve does at the 
same time possoHs tho host mechauicuil [)roportic'a,” 

A groat many papers have hoen writLm on tho Hubjoct of the 
corrosion of non forrous inotalH and alloys to which it is un- 
uecossary to refer iu dc^tail lu^ro. An oxoelleut siuunuiry of these 
papers has b(^(ai given by Btmgougli in a ropfu’t to the Oorrosion 
Committee of the liiHl.itute of iVL^tals publisIuMl in 1911. 

As regards tho corrosion of si-onl end iron alloys Howe luxs made 
a mimhor of exhanstivf^ trials with wrought iro!i, steel and tiiokel 
stool. Tho pluk^H tested iu those experimeuts wcighcul 2597 lbs., 
and tho total area cx[)oh(h1 wm.h ibJH h(|. ft. Tho results are 
sninmcd up iu tho following hibltt, wrought iron Ixung taken as 
tho standard in each case ; — 



Smi. Water. 

Frcmli Wiitcw. 

Atnumphuvn. 

Averagn. 

Wrought iron 

inn 

100 

100 

100 

Mildhtnol 

IM 

04 

100 

lOH 

8 por cent, nickel Micrl , 

k:i 

HO ! 

117 

77 

26 pm* coni., nickel Httid . 

;i2 

H2 1 

80 

81 
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CIIAin'MR VIL 
OOWEli ALLOYe, BROFm 


It is oiiMfcoiiiary It) cuunieliT l lm nlUiyHof ooppm* under three hcadB, 
visfi. (1) The bnujj^e?}, nr alh^ve euimmting uiaiuly c/f copper aud 
fcin ; (2) the ImuwoH, eonHb.tiug luuiuly of eepptu' and mu? ; and (3) 
other alhiyn of hopper. Aithuu«»:h not an (jutircly Hatmfactory 
ohiHHilieation, Uiorci in rntioh to la* naid in itn favuiir, and it ia to be 
regretted that- inuuufiieturem iti euim^ iimtaiuam ime the tevma 
brawa atui itronK*' indiHcrimiuatuly. AlUiya, for (example, contain- 
ing from (10 to 70 jht mnt, of eopper and 30 to 40 per cent, 
of Kinc, togetht^r with amall pin*Ci*ut>ag(‘H of iron, aluminium, or 
mangane>^e, woiilil ht3 far more accurately denoribed as brasses 
than hrons5<^H, and yet thrae alh^yn are frequently described and 
Hold an hroiizcH, If Hindi alloyn eoutaiu ahuninium or manganesej 
or evau if thene inetaln have been employed in thdr manufacture, 
thoy might Im) limuTihod m idnuduium brasnoB or manganese- 
bnumw, but, not hroimti. The U^rmn branB and bronze are so 
firmly CHtahliHlnHl in tlm Ktiglinh language that it would be 
im|)C)HHilde (c'vim if demrahlo) to adopt any other classifioation, 
and the wordn Hhonld thieidom ornpIoyiHl with discretion. 

Bronxn, 

Htatorioal The word bnmzt^ derived from the Italian hronzo^ 
appmrii to hate bemi intnKiumHl into the KngliHh language in 
tlie I6th oeutury. The alloy, Imwever, wm known in very early 
timoH, and a rtal of metal found by Dr Flinders Petrie at Meydum, 
and euUiiiated to belong to a period about S700 B.O., was found 
to contain 80*8 per wnt, of oopper imd 0*1 per cent, of tin, 

HI 


142 


AI i()\ iS, 


too’otlior with Hinall of imfiiiritioH. Whothor the tin 

is present as no iiupurit j nr whullun* it wan addcil intoiitinnally 
it would bo dillioult to Hay ; but it is curinuH timt tho prt>purtkm 
of tin to copper m very nearly thc^ wanie uh fcliat of modern broinso. 

Some battlc-axort and other objeotH from the depowitH, which 
Sohliemanu dated at abcait 1200 n,<t, and whii-h he idmi tilled 
witli Troy, were found to (jonsist of copper and tin, the tin 
varying from 3’8 to 8*() per e,ent. ; wherean the objeetH found 
in tho earlier depnsilH weni of (topper. 'I'ln' ol(h*Ht relic which 
can bo dated witli any aiu’unicy in a ma»pt re of l‘epi I. (i>th ‘lyiin.sty), 
which is almust pure eoppiu*. All the available evideutn^ HceniB 
to prove that a (^c»p[H‘r preeedtal tlic brou:/:e age, and it in 
more than proiable that the pmiluidaou of bronze wan in iho 
first place the rt‘Hult of aeoidi'nt, and that, lie* intentional ailditiou 
of tin to copper wan tudy tho re.sult td' oxperu'uce, Hronzes have 
boon found in Kgypt ilating from very early limeH. In (Irt'oce 
bronzes ware very rare in Ibeamm*. times (t)iK) iijm, and the (hvek 
and Trojan horouH (1194-llHi) useti copper for their armour, 
swords, knives, and Hpeardieadn, 

As regards the relation of the hnmze aire In t he iron age* there 
has been much controv(*rHy, ancl it has In-fai pinveil by recent 
discoveries that the iron age in of a mueh e’trlit*r date than was 
formerly HuppoHcd. At llaUHtadt, in I'ppf'r AoHtrin, no less than 
G084 objoctH w’oro obtaim^d from a pn‘hi.Hiorie eeiuetery. Tlume 
include tools of copjier and bronze and Hwordn both of copper 
and iron, together with thoHc of u trauHitiem [lenod having blades 
of iron and handleH of co|jpt^r. Montelnm eonmders l.lmt the 
bronze swords belong to a period alumt 8tid to OUU ii.a, aiul the 
iron swordn to a pc?riod about tU)U to 'Hid iu<\ 

In Egypt, Assyria, and Babylonia lUhtnunentH of bronze liavc 
b together with those of iron; vvhih? in Indand, 
other countrioN, weapons of almost pure copper 
i to tlioHc of Htonc have bt en bmml ; ho that 
ooucludn that the bronze age overlapptHl on 
1 tuo age of copper, ami posHihly tlie agi? of stone ; 

,, Km mu other hand, the great age of imu, Tho earliest 
bronzes oouslst almost imtirely of co[ipcir and tin ; but many of 
the Roman bronzcH contain Inrge ipiantities td h*ad. 'rimachUtion 
of lead is, in fact, duo to the Romaus, and first ap|Hmrs in 


Ahl^OVS, HR<)N/K 


ii;t 


'I’he ^ivrs tiio auulyHrh 

oF rtomo aiu;ii5ut bron/.t^H : 


Coltic vohhi^Ih 

Bronze iiuUh . . , . . 

lirojize ('rroy, 1 VOd iv.r.) 

Bronze ,, ,, , , . 

Roman HWord liliulc .... 
Goin of I’l-nlmuy IX . 

AGuMiian i’oin ..... 
Coin of Aloxainlor l)io {}r(‘al 

Axn head 

Altio ooin 

(Join of ifuliuH ('jonar . . . , 

Koina?i Ah. (li.o. (»0D) .... 
Hwoi'd blade ..... 

Egyptian nUd.uo 

„ Htalttol to Ornrr* f 'n<n ’.‘(Ml n r.) 
(3rettk hUIiio, lifllj fioilm v n.r. 

,, ,, foUll.h M M • 

„ vami ,, 

Roman HUiue . , . . . 

,, HUtueU.f' , . . . , 


N<{»|ua*. 

'rim 

1 

MHO 

1 

’ I2‘0 

Mfol 

4‘M 

yu’7 ' 

H'« 

ini'H 

b7 

in '4 1 

H‘4 

HI *2 1 

Un? 

Hir4 

9*0 

HU 7 ^ 

ia*2 

HH ‘0 

i n ’2 


1 HrfJ 

7inJ 

H'O 

(hi 7 1 

7*2 

mob 

10 -0 

HI *2 

2 b 

70 *H 

1 i '2 

H4*b 

O-b 

HU'O 

e; i 

H17 

10“J 

7H*;( 

lO'H 

7H‘H 

mu 


1 


IiOftd. ; I mil. 

! 


i ... i 


O’H , 

v\ 

vj/H : 

j 0-f* 
C)'4 

IH'd 

\ I -7 j 


I * i* i 

! : ud 

! iu*;l . n-i 
j U-J , M-i 


The pnwoMfU' of imnl in liroo/o wnn probnldy (hiOj in (ho iithl 
piano, to fui’l. Ilnit ( ho tin wun HiinlloratiHl with that inidnl ; 
hut it wuH proliahly Hnc»n diHoovorcMi lliiit iho inidithin of Itiml 
confomul valuahlo pru[)nrlioH upon tho silloy, ami tho Imiifr/ma of 
lator (laU* almont invariably ooiitiun appmoialdt* lunrnintw t»f It'iiil 

Tiio pnwmuo of zino in broir/o WfiB alao prolnUdy tho roHult 
of (ujcuitmt, duo to th« intnKbtniion of muo oro into tho furnano 
nliarpf<‘. An ICtruHoan hrou/.o» dat(*d tho fifth oorittiry wm 
found to (jonbun G‘73 par m»nt. of zinr. Ivtrly dapaiM*Mf* bronzo^ 
havo alno boon found to rnnianj approriablo »pnuititii*H of srJno m 
wall an load, 

Modoni RtSEoatch. uuml fnuviuoout dato Irnm whirh to 

bopjin tho atudy of UMMltu’u roMoandi on !h«* onpprriut ulluy,H \n 
1870, for in that yoar tin* (’otunutttm im Alloya .appomlod by tho 
Unitod iSUt-oH Hoard jiubliahial a t4tbh’ in whirh iho nwulta of 
thair owxi nmmrolioH and themo of proviouH workers wiira oolkicitc^d. 
Thia tfibla Inw boon fna|uontly quoUai ui book® dMJlag wlfch 
alloyH, and m it oontidna imioh mlimbli infomiation m a mth 
donaod forni it in innorUMl hora 
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LIST OF AUTHORITIES REFERRED TO IN PRECEDING TABLE. 

Bo. — Bolley, Essais et Recherches Chimiqucs^ Paris, 1869, pp. 345, 348. 

Ox, — Groockewit, Erdmaiin^s Jonrwil^ 1848, vol. xlv. pp. 87-93. 

0 ^ — Calvert: and Johnson, “ Specific Gravities,” P/aX Mag,, 1859, vol. xvii. 

pp. 114-121; “Heat Conductivity,” Trans,, 1858, pp. 349-368. 
Be. — S. B. Bean, Ordnance Notes, No. xL, Washington, 1875. 

La. — Lafond, Dingler^s Journal, 1855, vol. cxxxv. p, 269. 

Ml. — ^Mallet, Thil, Mag., 1842, vol. xxi. pp. 66-68. 

Ma. — Matthiessen, TKil. Tram., 1860, p. 161 ; ibid., 1864, pp. 167-200. 
Blar. — Marchand and Scheerer, Journal fUr praklische Clioniie, vol. xxvii. 

p. 193 (Clark’s Constants of Nature). 

Mus. — ^Musschenbroek, JJre^s Dictionary, Article “Alloy.” 

— ^Riche, Annalesde Chimie, 1873, vol. xx. pp. 351-419. 

U.S.B. — Report of Committee on Metallic Alloys appointed hy United States 
Board to test Iron, Steel, etc. 

T. — Thomas Thomson, Annalesde Ghimie, 1814, vol. Ixxxix. pp. 46-58. 

W. —Watts’ Di>'tionary of Chemistry. 

Wa, — Major Wade, United States Army, Report on Experiments on Metals 
for Cannon, Phil., 1856. 

We. — ^Weidemann, Phil. Mag,, 1860, vol. xix. pp. 248, 244. 

In the foregoing table the figures of order of ductility, 
hardness, and fusibility are taken from Mallet^s experiments 
on a series of sixteen alloys, the figure 1 representing the 
maximum and 16 the minimum of the property. The ductility 
of the brittle metals is represented as 0. The relative ductility 
given in the. table of tbe alloys experimented on by the U.S. 
Board is the proportionate extension of the exterior fibres of tbe 
pieces tested by torsion, as determined by the autograph strain 
diagrams. It will be seen that the order of ductility differs 
widely from that given by Mallet. 

The figures of relative hardness, on the authority of Calvert 
and Johnson^ are those obtained by them by means of an 
indenting tool. The figures are on a scale in which cast iron 
is rated at 1000. The word “broke” in this column indicates 
that the alloy opposite which it occurs broke under tbo indenting 
tool, showing that the relative hardness could not be measured, 
but was considerably greater than that of oast iron. 

Since the publication of this table the copper-tin alloys have been 
subjected to a very thorough investigation, and their physical and 
chemical as well as their mechanical properties have been studied. 
It would take too long to consider the various researches in detail, 
't the results may be briefly stated. The melting-points and 
licroscopical examination of the alloys have already been 
and in addition to these Laurie (and more recently 
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HortiohkowitBch) tha elactfomofciva force; liodgc 

has dctoriuinccl the ctjodiois fitj and lli^rnchkowiteoh him dotar- 
mined the heat of hirrniiiinn It him ako hmi ahown hy Ltxlou^ 
that tho fchoroKi eh*f‘tric jpowi^r him a riMixiintim viiluo ft»r the 
oompoHitioii cnrrt‘H|MJudhjg U) i’u^Su and a tuiniuuim for tho com 
position oorrcHpcmtiiir^ ln (hi^Sn. 

Tho variaiioim in tho phynioa! proportlcH of the BOfiim ara 
plotted in fig* 44, arid it will ht^ ulMtu'Vini that the tuddonco in 
support of tho (txiatpui’o of u df'linito compound corrtmptuidirig tcj 
the formula CunSn m ovorwholmint*:. 

A glance at tho curvon ropro- i^nting phynic.'ii and inochatdcml 
proportiim of tho copper (in alloyn (figH. 44 and 45) will ahow that 
from a mechanical point of view tim inhidlc murtihora of tho 
aeries am vh 1 u( 4 o^h, aud in fact ilm UHcful alloys do not onnUin 
more than *25 per (nud. of copptu*, Tlnmo in turn may ho divided 
into two olam^of^ vh : (I) tnm mot-id, confainitig from H 14 per 
cent, of tin i and (U) hi<U nmUd, Oimtaining fnun 15 to 25 per cent, 
of tin. 

Gun-inotal, as m well ktiown, dcHvrii its name frtun tho hmt 
that hefore tho int rodmU imh nf ntrol im a material for the maim 
faefcuro of gunn (hoy won^ mado fd this alloy. 

The following iahhs giving the comj*M ,ition of the actual nlluyK 
omploycMl in the* mannfjutnre of mdmim^c hy the diflonnit 
oountrioH, mIujws thaf, with ihf^ cii*optiun of the UhincHo, theue in 
not much ditlV^retuMt Ijr-twi on iluun : 
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Tim brun*iitm containing from B to 1 1 |Mir cunt* of tin the 
m^fc ffultahlej whore a comhinatioii of ilrangth* pliwtlaity, loiigh^ 
and alulity tti wnliMtiaHi ithook aro requIriKi Tho alloy 
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containmg 9 per cent, of tin has a tensile strength of about 16 
tons per square inch, with an elastic limit of 6*5 tons per square 
inch and an elongation of 16 per cen-*-. 

Gun-metal, as has already been stated, consists of a solid 
solution of tin in copper containing a certain amount of the 
definite compound Cu^Sn. When viewed under the microscope 
the solid solution is yellow in colour, while the compound is almost 
white. It is curious that this constituent does not form until 
the alloy is completely solid ; and moreover, as was first pointed 
out by Charpy, it never occurs in a uniform mass, but is always 
more or less broken up. Photographs 9 and 10 show the appear- 
ance of a gun-metal magnified 100 diameters, and photograph 11 
shows the appearance of the Cu^Sn under a higher magnification. 

Influence of Heat Treatment on Bronzes. — It has already 
been shown that the bronzes containing from 9 to 22 per cent, of 
tin pass through three distinct stages during solidification. In 
the first place, a solid solution of tin in copper (Pleycook and 
l^eville^s a constituent) separates out at temperatures varying 
from 1020“ in the case of the bronze containing 9 per cent, of 
tin to 860“ in the bronze containing 22 per cent, of tin. At 790“ 
the remainder of the alloy solidifies in the form of a second solid 
solution (Heycock and Neville's constituent) containing from 
22*6 to 27 per cent, of tin. The solid alloy now consists of two 
solid solutions and undergoes no further change until the tempera- 
ture falls to 600“, when the ^ solution is no longer stable but 
breaks up with the formation of the 6 constituent, which is probably 
the compound Cu^Sn. The alloy now consists of a mixture of 
a and 8, and is stable at the ordinary temperature. 

It is obvious from the foregoing considerations that heat 
treatment must have a very decided influence on the physical 
properties of the alloy. If, for example, the bronze is quenched 
at a temperature above 500“ the formation of Cu^Sn (a hard, 
brittle constituent) is prevented, and the alloy is more malleable 
and stronger. The change is most strongly marked in the case 
of the alloys rich in tin. 

Guillet has made some experiments on the mechanical properties 
of bronzes quenched at various temperatures, and his results 
confirm the conclusions which would be drawn from theoretical 
considerations. The curves in fig, 53 are plotted from Guillet's 
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figures, and represent the breaking strain of five bronzes con- 
taining respoctivoly 95, 91, 87, 84, aiui 79 per coat, of copper. 
Those results explain tho fact, wliioh has long boon known, 
that bronze can bo forged at a teinporaturc just below redness, 
and that bronzes quenched at or above tl\at teiuporaturo become 
malleable, Tho Chinese were ovideiitlj well aware of this property 
of tho bronzes; for their gongs have tho composition of these 
bronzes, and were not cast, but hammered, 

Zongholis has doscribed tin auoiont bronzti coining die found in 
Egypt in 1004. It dates from d.'iO n.tj,, and is the only 
genuine example of an antitpu! bronze <lio. An analysis of tho die 
showed 69’85 per cent, of co{q)cr, 22*51 per cent, of tin, and 7*6 
per cent, of oxygon. No impuritiem wore det(K!(,ed, and from the 
analysis and the relative oxidtitien of the tw<» tnotals Zenghclit- 
ooncludoB that tho original composition was as netirly as possible 
75 per cent, of copper and 25 p(*r cent, of tin. 

The die has not boon examined miorfmoopically, but there is 
little doubt that tho alloy wfis (pimudnui iti onlcr to enable it to 
stand tho shock of coining. 

The infiiKjnoo of annealing on bronze is f>f soim^ intorost and 
under certain cirounistancos of (umsiderablc praeticnl importance. 
If tho alloys arc annealed at temperatures below 500^ (that is to 
say, tho tomperatiirc at winch the S ooimtituent, or (In^Sn, is 
thrown out of solution), the separation of the two uonstituenk is 
rendered more oomploU), and in conHOcpicnco there ia a slight 
deoroaao in the tensile stnaifd^h. If, Imwevor, the annealing takes 
place at tomporaturos abcive hOO", the copfx^r absorbs or dissolves 
more of tho ^ constituent, and in the case of bronzes of the gun- 
metal typo containing 10 per cent, of titi, the whole of the 
S constituent may bo dissolved, with tlie r(^sult thal. an alloy 
consisting of a single solid soluti(»n is (jhtained. The change is 
aooompanied by a marked incn’ase both in tonsilc strerngth and 
elongation. The maximum oirect is obtained at 70()’ ; beyond 
this there is evidenoo of inoipient fusion, and the alloys develop 
interorystalline weakness. 

The following tests given by Frimrose weri' made on bars of 
Admiralty gunrnotal (88 copper, 10 tin, 2 zinc) cast in chills 
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ToniiHU’ivl.urc^ 

Timt^ in 

OVnmli' gi.rmigth 

Klnngution 

of Aiinoniing. 

minnlOH. 

in tiiUBpio* Htj, in. 

per rent. 



IH’d 

au*u 

500 

.•10 

1(17 

U'O 

600 

m 

IfeO 

7*0 

660 

JU) 

IU‘6 

Z7-0 

700 

ao 

v/.d-ri 

•IfO 

760 

ao 

'.M’O 

40 ’0 

HOt) 

III) 

IH’U 

t IM‘0 


Whoro it ia t.o pvtKitic.o a aUoy 

great strength and diad.ility, artncaling may lit? nwnli'd It? wilh 
advaniago, but it niunt in? nsnu^mbt'rrd that a high tf?nsih 
strength and oIi)tiga(.inn an? luit alwayn uiu'emtary or evon di*f4r 
able. For exanqdo, a gmi nM'tal iuttuidcnl to withslaud hydrnulit' 
pressure would bt? iuj|irnvi*d by annooliug, wluTran nm* ijitontlrd 
for a bearing or any othin* machine ]iarl. tmlijcctt'd ttn IncUou 
would bo seriounly iujumd by the hiuth? t-nnUimuit, 

M.odorn bronze? nearly ahvayn <?t>ntainH hiuhII »|nnnlila'M nf Iratl, 
zine, and iron, which arc otittn purptmtdy atldinl with Ihc (»hji'rl 
of conferring h[h?cui 1 propcrticH upon the liron/.t^ Ig luiwcvcr, a 
(jombination t>f Ht n?ngth and (?laHtit‘ity is retpartHi, the alloy siumhi 
be as froo as posHibhi from Uu'Ho additions. 

Lead, t?xci?pt in very amall unantiticH, docs not alloy with Ijronzo, 
but aeparatoH out in the form of minute globulea m the metal 
cools. The best bronzes shouhl not contain inorti than 0*15 |hu“ 
cent, of load ; but in cam^n whe,re an alloy of great atrongth in not 
aocoHHary, a larg<?r amount of h'lul l» ^oinetiim^HaridHl, its it «?nabie.N 
bho motal to be more ctanily tunusl or filiHl. For Hpeclal purposes, 
howavt?r, a xnueh largi^r ipuuitity <»f h*nti is nddttfh The m«m( im 
portant of thewe are the hrorr/.<‘H uRt?d for bmringH and for atjituary , 
Zinc in amall (piantitb'H has a very benelieial inlluenee when 
uddcd to broxize, being an ranily iititli^eihle mctHl it ei»mbine« 
with any oxygen witieh may be pn‘Ht‘Ut, ei{h(U- in the free Hlate or 
in the form td diiimilved «»sideH in thi? moliru ju«*inh wuli ihr 
result that tlm meUd is mure tlmd ‘‘rtnin ihinuer/' it m 
dcHorilKKl, and caHtinga free from the deo > ? , kmovn sm pns 

holes. A slight of zinc will merely alloy with tho bronze, 

witliout nmtcrially atlet^iin*.^ \in qimlity ; but t4m of rimi 

should not exceed 2 |mr cent,, otlntrwiao the colour of the bronxe 
will be injured ami the alloy will be Imrdcr, but wm^ker. 
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Iron alloys with bronze, making the resulting alloy lighter in 
colour and considerably hai'der. It increases the tenacity, and ia 
useful where a very hard bronze is required. 

BeU-metal contains from 15 to 35 per cent, of tin and the 
remainder copper. Lead, zinc aud other impurities should not be 
present in more than traces in the best metal. Large bells 
contain the largest amounts of tin, usually about 25 per cent., 
while small bells contain about 15 per cent. The tone of a bell 
can be modified to a certain extent by altering its composition, 
but the purity of tone is a matter which depends more upon the 
skill of the designer and the founder than upon the composition. 
In fact, the shape of a bell is of the utmost importance, and it is 
probable that few metals or alloys could not he used in the 
manufacture of bells, if they were of the proper shape. 

In this connection it is not without interest to recall the fact 
that as far back as 1726 Lemery noticed that under certain 
conditions even lead becomes almost as sonorous as bell-metal, and 
Rdaumur, to whom Lemery communicated the fact, subsequently 
showed that it was necessary to cast the lead in the form of a 
segment of a sphere. The following table will give an idea of the 
very variable composition of the alloys used in the manufacture 
of bells : — 



Copper. 

Tin. 

Zino. 

Lead. 

Antimony. 

Large hells . 

76 

24 




House bells . 

78 

22 




it • 

80 

20 


■■ 


Musical bells 

84 

16 



••• 0 

Clock bells . 

75 

25 

ft 



Old bell at Rouen , 

71 

26 

1*‘8 

i'2 


Small bells . 

40 

60 




»» i> • . 

... 

87 ’6 

... 


12-6 


Bell-mefal when slowly cooled is very hard and brittle. It 
consists largely of the compound Cu^Sn, and is therefore very 
susceptible to heat treatment. When chilled from a low red heat 
{ie. at a temperature above that at which Cu^Sn forms) it is more 
yellow iu colour and malleable. 

•As regards English bells the earliest existing example to which 
a date can be affixed is to be found in the village of Claughton, 



Cori’KH. BHONZK 


159 


near LaiicuHtf^r. It m Hlii'blly c»vm’ 19 in Inbjiljt, III in 

diamofcor at lin^ Hp, and bviivn Mm date ItP.Mi. Kmin lid;, {inu) 
bells wilii iuHeripMonh and daten ans to hv. found, and the luhfnrv 
of l)oll-f<HinditiK di thin euuntrv oan la* traerjl, The earlitv.t 
instruetionH fur iadl ruiindini/ <n*e.nr in a In al me by Walter uf 
Odyn^d.on, a monk uf ItveHlmtn, in fin* time tjf Hmirj 111,, wIhj 
doseribeH the met land of fuimdiun and alnu tin* meihiMl uf 
(letormininet the relative tii'/.tm uf the belln nece..4arv tu prudnea* 
(ihu roquir(‘d notuH. 

Many of the well known larj^e ladle have been reeant frnm uhler 
ballH, Thns “(Ireut Ibmelau'* uf (’anferbnry, v\eqddn|4 MA tJUiH, 
was re(‘aNt in l7d’J from an tild bell, uriginally flu^ gift of IViur 
Molass in 14IU). ** liell Harry *’ wain likewise reennt in lib'ib frurn 

m eld bell Haiti U) have been the gift uf Henry VIII, Tim faUMiiw 
^M^rcat Tern’’ of iHfuril waa remuvtK.1 from ( »aeuey Abbey tu 
Oxfortl at the time uf the dii Huhitiun uf tbit mumir»f **neH, anti baa 
paKHtsd thruiigli many viemnit iiden. h w,ttN rt^ea^t tn Id IP, aeain in 
1C54» antlin Uiree unauee-eHaful attemptn tu reeiuvt it were 

made, the mould Imrat.iug m the third alh^mpt.. The nr-^i 
attempt waH snereH^fnl, and tln^ bell again n-ea 4 m 1741 
Of the mure mutleru ami largest belb may be mentiusiial 
Peter of York, rant by (IharleM and Uemge Mmim at the 
Wiuttmhapel foundry in IH4f>. It weighs alwmt I2| tow, m 
7 ft. 4 in. in diameti'r, and otmt £2000, 

The originrd ** Hig Hmi a! Weatmiri^tiir wm mMt> by Measra 
Warner ^ Hun in IHhfi, and weigbiKl 14 fcona, with a diftniet4T of 
9 ft. It waa found Ut oraokrid, and wm rtK’Mt by tlm iMoam 
at Whiteehapel with a elightly riniueed weight and a very much 
lightiir ola}»p«*r 9 ewt. iimtead of a tun, 

** Groat PiuiP* of Ht PauT^ (klhodral wm mmt at Mm iMlgh- 
borough foundry in IHHL It widgim 19 tuuM 14 ewtH. 75 Urn., and 
has a diameter uf IMf inoheft. 

Statuary Brcmm ‘Fhe eioiential features of H fitranary br(inf,e 
are— (1) that it filndl las very Ibnd and t uHily eunl ; (2) th ti it 
ahall 1)0 0a[eiblo of being Ijiniibnii and nonly bled } (*i) that ito 
oolour ihall bo m nearly tiiat of gun-fuetml m k ooiiitii^tont with 
thoie rtHjuireinimU ; and (4) ibat nndiir th© infhmwoe of fch# 
ainumphiint it ihall aiihume a plr^Minf oxldafciiin ^lit or 
m it ii caUml. 
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The alloy which has been found to possess these properties 
most nearly lies midway between the bronzes and the brasses, and 
usually contains a considerable percentage of lead. The following 
table shows the percentage compositions of a nun)ber of celebrated 
statues : — 



Copper. 




Iron. 

Nickel. 

Ooliimn Venddme, Paris . 

89*20 



0*10 

... 


Column of July, Paris 

^•40 

1*60 

5-60 

1*40 

... 

... 

Heniy XV., Paris 

89*62 

6*70 

4-20 

0*48 

... 

... 

Louis IV. equestrian statue, 

91-40 

1-70 

5*53 

1 37 

... 

* • • 

Paris, 1699 







The Shepherd, Potsdam Palace 

88*68 

9*20 

1*28 

0-77 


... 

Bacchus, Potsdam Palace . 

89*34 

7*50 

1*63 

1*21 

o'*i*8 

... 

G^rmanicus, Potsdam Palace, 

89*78 

6*16 

2 ‘35 

1-83 

.. . 

0*27 

1820 







Mars and Venus, Munich, 1685 

94*12 

4*77 

0*30 

0*67 

... 


Bavaria, Munich 

91*65 

1*70 

6*60 

1*80 


... 

Grosser Eurfiirst, Berlin, 1703 . 

* 89*09 

6*82 

1-64 

2*62 

0*18 


Frederick the Great, Berlin 

! 88*30 

1*40 

9-60 

0*70 

• •4 

. . . 

Melanchthon, Wittenberg 

i 89*55 

2*99 

7*46 

... 

... 



The addition of zinc renders the alloy more fluid, and greatly 
facilitates the operation of casting. Too much zinc, however, 
should be avoided, or the metal will have a brassy colour, and 
will not assume a pleasing ‘‘patina” on exposure to the atmos- 
phere. 

The presence of lead in statuary bronze is very important. In 
the first place, it appears to give a very fluid metal, but it also 
ca\pes the bronze to acquire a beautiful brownish black patina, 
characteristic of many old bronzes on exposure to the atmosphere. 

Coinage Bronze. — A bronze which is to be used for coinage 
hft malleable and ductile, so that it will take the impression 
and as hard as possible, in order to withstand wear. 
1 France adopted an alloy of 95 per cent, of copper, 
tin, and 1 per cent, of zinc, and the same alloy was 
England in 1861. It is extremely durable, and is 
, -*ujjioyed by both countries at the present time. The 
mat a large number of the coins struck in 1861 are still in 
circulation and the date and lettering perfectly legible, is sujBhoient 
evidence of the hardness and-durability of the alloy. 
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For medals where fine relief is required a somewhat softer 
alloy, containing less tin, is used. 

Speculum metal derives its name from the fact that it was the 
alloy employed for the manufacture of reflectors. Until com- 
paratively recently it was used for telescope and other optical 
reflectors, but these are now made of glass. Speculum metal 
contains 66*6 per cent, of copper and 33*4 per cent, of tin, and 
consists of the compound SnOu^. It is extremely hard, brittle, 
white, and takes a very fine polish. The composition of well- 
known telescope mirrors varies from 66 to 70 per cent, of copper, 
the famous Ross reflector containing 68*21 per cent., and the 
Birr Castle 70*3 per cent. 
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CHArTEH viir. 

OOPPBE ALLOYS, BEASS, 


This discovery of hrasH vohhoIr aod <»r vc^ry early orison 

m proof iluit tho alloys of oopjun' aotl /.iiu* wore luujvva to tlio 
anoionts; but tlioro is uo doubt that-, im in tluu’asuof brou/.n, 
the early braHSOS wore produced accidtuilally ovviuj^ to tho adrniK- 
ture of zinc ores with tho copper on^s. Later c»n tho addition 
of oalamhio to copper ores becaino tlu» n»gular toot hod of iriakinjuc 
brass, and was long practisc'.fl without any Uuowhnlgo (d tlui part 
it played in producing the bcwitifully ooloureil inoial. 

There is no doubt that the UomauH W(u*i' tlu' first inakerH of 
brass, and tho intentional addition of zint? appoars (-t) have begun 
in tho time of AugustuH (.’U) n.(t to L( A.n.)i (utrlit'st 

examples being a coin of 20 n.a which cont4drm 17*2 per (uiut. of 
zinc. 

The following table gives Uui ctmipoHititJU of nevi'ral mvly hrans 
ooina ; — 


. (Jopprr* 

Tin. 

7<iat'. 

bf'Hth 

Iron, 

AugUHUia, 80 B.c. to 14 A.p. , , . 87 'Ot 

0*72 

t 1 ‘BO 

t rat*e 

0-48 

TiboiiuB, 41 to 64 A.n. . , , | 72*20 

... 

27 70 


... 

Nero, 64 to 68 A, I). . . , | 77*44 ' 

O'ae 

21 '60 

UiMM* 

0'82 

Yespaslan, 71 A.i), , ♦ . . 81 07 


IH'OH 

; 0*14 

U’l2 

Trajan, 98 to 107 A.i). . . . 77 60 

0*80 

20*70 

i 

i 

0*27 

Sabina, wife of Hadrian, 100 tu 82*86 
187 A.n, i 

0 48 

uvm 

tracni 

0*88 
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Tho (‘iirly hiH{(»ry of hi’asM in thin (uniulry (‘juii hi\ traru'd by 
mfaim of tin' o(U'b*MinHi.i<Mil or btttnt^ oxintin^ in (jur 

cliurc?hoH. LaiUai waa I bn annirait naruo <tf tho alloy (uiiitdt in 
Hfcill rota,intHl in tli(‘ b'rnnnb word Ixifnu)^ ant! uidil f.lu^ luidcllo of 
tho Hixlcniiih (aad.nry it wim uiaiudnot urnd in I‘‘IanrlnrH and 
(ha’iuany a.nd ini|H>rtnd into thia <‘ountr\% principally from 
(lologno, in l-lm form of ri'ctunptihir pintani known an (billon 
p]ai(m. d'hn alloy conliimt'd r»»uHidt'raidn «pmnlitit*s of IimuI and 
tin, and it in probably «»n that anrount that I ho l>niHNnH have laKt-od 
HO wnlL 

Th(^ t^iirlicHt- n\iai iipf bnoiM in tlint t»f Sir John 1 )nnlH*rniain at 
Stoke (rAI>nrnfMi in Snrrpy» ami dated about I‘J77. d*hn lu'aHH, 
76 in. in Innidh, in in th»' pavomnnt of ihn villnr^r* tdmrch, anti 
rt'prcHtnitH Sir Jtjint haubmn»»un in a ronipintn aiiit td {dudn 
nuiil 

Id'oin iluH tlatn tuiwnrdM tbert^ nm n t niupbdt' anvinH of braHHCH 
which have provnd of tho pro.«nvit hi.Uorical valno. Alllauiidj- 
tia*rt» antno availabh^ atmlyan.H of the narlie.vt nmuiorial braMHt*H, 
Hovt'nil ofahKhtly lalnr tlate !isu«' hr^en aniilye-ed ami the cnjupimi 
tioUM of a buv of tin* if are in the foUowutjt table: 




1 "npjH’r, 

Tm. 

'Atni\ 


fron. 

Kli^lcjh lunuMii n I(i4*= 

i, 1 H it » I'Ulni )■ 

rUt 04 

1 rMtm 


f*. 

0-0^ 

O »• M 

i m . . 1 

0? 54 

' 1‘lcS ^ 

1 24‘iib 

7‘H 

... 

1 * * 1 - * 

1170 . ’ 

j 

oa-Ni ; 

U’tifi 

j ’iH r*n 

!iM;i 


It *• 

IMU 

fli Of) ‘ 

inoo 

i 

j Uli'Ml 


... 


fn tht‘ noddle of the HUirrntli ceafiirv there inn marln^tl ehnniJfe 
in tluMpirtbly ttf the braei, wluch ieo\ br;»ati ft» be muimfact urtHl 
in Ln^d^ntd iu^it**ad tjf impoi trd. lAu the ptupi»hca of 

tneluoriHl tablet?! the Kin^da^b bras^n niiHUjiidde, and, nceording 
to Mr Maekhn, U wan ra a, or more probably ndled, in thin 
platen which have worn gie*^omdyd' 

With rei^fird to the of in Kngland, HiJiiii 

itatfn that in Lbbr* \iueo-n Lb/alHtth a patent to Wm. 

Hntnfrey, mmy mimfiu’ of the Mint, Chriiitoplmr Shuti, to. 
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search and mine for calainiho, and to hiw) the nm of it for making 
all sorts of battery, vvaroa, cast works, and wins ^>1* hitUni. Similar 
privileges were granted to OovucliuB Devo/., .Daniel I loughsettor, 
and Thomas Thurland, and in !r>()8 tho ct)m])uny of the mineral 
and battery works was incorporaUu!. In 1584 a l(‘aHO of works 
at Isleworth was granted to tiolm Brode, and shortly afterwards 
several other mills wore sot tip. 

In 1700 the brass industry was firmly establishod in this 
country, and with the succoss of tlu^ famous (llu^adle works, which 
were established in 1730, tho industry soon grew to be one of tlie 
most flourishing. Owing to tho lino colour of tho alloy and the 
ease with which it lends ilsidf to all kiiuls of inochanioal treat- 
ment, it has become tho most (‘xtoimivtdy \iHod of tlu^ copper 
alloys. According to its oomposition, brass may bo obtained hard 
and strong or suIVKUontly ductile to be drawn into wire or 
hammered out into sheots whoso thiokiu^Hs is not more than 
inch. 

The properties and constitution of tho (U)pper zitio alloys we.r<^ 
naturally studied by tho early workers, but it is unm^eossary Lo 
consider their work in dobail. Tlio following table, drawn up by 
the Committee on Alloys appointed by tho Dnitod States Board, 
contains in a condensed form tho results of iuvestigaiiotm down to 
bho year 1881 : — 



PbOFERTII^ of Ck>FPEB-£IKC Al3W>TS CX>LLATED FOR THR COMMITTEE OK AelOYS APPOIKTED BY THB 
Uhitm© Stat^ Board {Report, toL iL 1881), 


OOIM’KR AI.LOYH, BRASS. 


Kin 


I 

I 

AuUuu'Ity. 

(JimcluBtlvlty r<tr I'Uik'- 
trirlty. rtUvrtP^>aum 

Ck)U<hJBUvlt.y f<ir Ilont 
Hllvtsr <*> 10{), 

Onlnrof Ktmltillity. 

iliinliiu^s. (MuUt't, 
(.UUvort, JohuMni.) 

Onlor of MftlliuiliJItly. 
(Mnllofc,) 

Jloliillvo Dm-tlUty. 

Onlnr of inuaUUy. 
(fttwilot) 

Toiiiuitty l» llm, 
jKir BtiU»rt* iiu’h. 


Fmoturis. 

Colour. 

Hpudllo Orwvlty, 

11 j 


I ^ 

lu 

<3 


a 

i 

N 


Atumlq r«irmHl» 


m . 


o II « h) ^ 

f/3 1*^ (H 


h <5 j aj (*: 


^ I'lb 


M 

I 




:S! 


H ' 






T3 

21 


«l > 4 > 0*4 


1 

»■ 


I I 


|i = ii 




j j tfi wii 

fi.» *» W 


Ci t-m m 414 |> 


iM ® » « »»» 444 


i: &j a 1! 


iHl 4^ 
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Remarks. 

Specific gravity of 
ingot 8’753. 

French oreide. 

Very delicate 

castings. 

Ornaments of 
Hanover. 

French oreide. 

Specific gravity 
of powder 8*684. 

Paris jewellery. 

Authority. 


Conductivity for Elec- 
tricity. Silver=:100. 

S g 

Conductivity for Heat. 
Silver =100. 

b,* • *a> 

C<I 03 

Order of fusibility. 
(Mallet.) 

• • .60 ** 'O •• ♦ 

Hardness. (.Mallet, 
C.ilvert, Johnson.) 

« • *0 • oo * * * « * 

• • '(N ♦ rH • rH * • •pH ♦ • • 

Order of Malleability. 
(Mallet.) 

OT • • • I— 1 *0 - O) JOO * ’ * 

Relative Ductility. 
(Thurston.) 

iH tH 

• •Oi •• •• ♦ • •• ♦ • 

• • O 

Order of Ductility, 
(Mallet.) 

0= : : : o» : : : « : : : 

Tenacity in lbs. 
per square iuch. 

27,104 

25,760 

28,672 

29,568 

31,684 

Fracture. 

Coarsely 

crystalline. 

Vesicular. 

Finely 

crystalline. 

Finely 

crystalline. 

Vesicular. 

Finely 

crystalline. 

Fine 

fihrouB 

Earthy. 

Colour. 

"o o ♦ o<t3 •'5 5 .'a5o'a • • • • o^a • • 'do 

6, PH'S o »•< 53 >-i iS'oj 

^ ?,|n In ^ 

Specific Gravity. 

lo^eot-co i>. to 

S S3 ^ :g : S : : : g ^ | 

OQOOOOOOOO 00 OOOOOO 

Composition 

by 

Analysis. 

d 

9*60 

9*42 

10-97 

10-06 

d 

O 

. •• .,oS 00 

s 

Composition 
of Original 
Mixture. 

d 

tg 

00 m rH 60 rH CO 

Sot 7^ w ^ M (p « S i>, 

05 CJ 0 00 rH H M COOT kO 

rH rH rH iH H rH rH rH i-H rH rH pH ^H rH 

d 

O 

<M 10 C: I'- 00 Hr 

“p <fl COO \p CO COOT 10 COOT 

§ § S S8 88 fe ^ 13 

1 Atomic Formulas. 

1 ^ 4 : : : : "I : : 

00 c5 0 S <5 

1 1 

a s § as §3S! g s as a § ss a 
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OQ 

CS 

a 

Suitable for forg- 
ing. 

Specific gravity 
of powder 8 ’SO. 

Good brass wire. 

Mosaic gold. 

Suitable for foil- 
ing. 

Suitable for forg- 
ing. 

Strong solder for 
brass. 

Bristol metal. 

Suitable for forg- 
iug. 

Munfei!’ metal. 

Ship’s sheathing. 

Authority. 

s sis s s (3 »: «■ ii g •S'Jj 

Conductivity for Elec- 
tricity. Silvers* 100. 


Conductivity for Heat. 
Silver s=100. 

I • ••• • • • • •• • ••• 

CD 

Order of Pueibility. 
(Mallet.) 

(A ••• • • • • • •• ♦ 

Hardness. (Mallet, 
Calvert, Johnson.) 

^ «•« • • » • • 

^ •»« • • • • • •• • ••• 

Order ol Malleability. 
(Mallet.) 

art • • • • »♦ * 

Relative Ductility. 
(Thurston.) 

(P ^ ^ 

• •«» « ♦»!.* • *4^ * ••O* 

♦ • • • • • • * *§ " ••• 

Order of Ductility. 
(Mallet.) 

a> 

OQ « • • 4 • •• • ,•» 

• CN • • « • 0 « •« • ••• 

Tenacity in lbs. 
per square inch. 

® > 2 2 

o ; ; ; : : rS : ; « : : : ■= : : : 

^ ^ ^ ^ 

Practure. 

Finely 

crystalline. 

Earthy. 

Earthy. 

Earthy. 

Colour. 

al : : : : : :’g| : : ■§! : : ; '3| : : : 
»►» >»►»>> 

Specific Gravity. 

<5 frlOQ H r-i to •>» 

a ®a5 . rH • .|> • .1-4 « • . O . .M 

M W Tt< • ^ . . eo • « -4t • . . -iH • ♦ 

1^ ooR w ra 00 00 00 

:l 4 
« >»>* 


. . . . « . -t . . S . . . 8 ... 

• • • • s ■ • ■ S • • • S8 • ■ • 

o 

* .IN . .til . . . ^ ... 

g ■ • S • • • 8 • • • 

Composition 
Of Original 
Mixture. 


IN 04 to to rH -41 
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00 CD 52 00 lo «o to 
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Atomic Porrnulee. 
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Remarks. 

Very brittle. 

Very brittle. 

Very l)rittle. 

Brittle. 

Brittle. 

Very brittle. 
Protect iron 

tronimti. 

Authority. 

W , W . .pQ « • • 

w gg g 

P jD p 

Conductivity for Elec- 
tricity. Silver =100. 

: : : : : : : : : : 

Conductivity for Heat. 
Silver=100. 

. : : : : : : : : : 

Order of Fusibility. 
(Mallet.) 

< tQia *>3 U). 13 13* 

Hardness. (Mallet, 
(Calvert, Jolinsou.) 

. iia CO .1.- eo • Oi oo • 

Order of Malleability. 
(Mallet.) 

. 03 CO ..H OJ • oo O . 

♦ <M <M • (M rH . r-1 (M • 

Relative Ductility. 
(Thurston.) 

13 2 

iri • • S . ‘g 

iM . . O . .p • .. 

Order of Ductility. 
(Mallet.) 

; oo ;o o ; o or 

Tenacity in lbs. 
per square inch. 

l>--*0O'^CiO0OTjiC3C'1 ' 

0» 0(M >.tO tOr-< t-H o. 

CO t”-. OS t". 13 rH O , 1 

N* r-Ti-T i>o' ei' h ' 

Fracture. 

Vitreous 

conchoidal. 

Oonchoidal. 

Vitreous 

conchoidal. 

Conclioidal. 

Vitreous. 

Conchoidal, 

»» 

Colour. 

Silver- 

white. 

fS 

Silver- 

grey. 

Ash-grey. 

Light 

grey. 

Silver- 

grey. 

Specific Gravity. 

CO t-H CO rHOS COCO 00 03 < 

CO (MCQ r-lrH OCO 13 OO* * 

® io-00 oop 'P ^ ’ "T 

Composition 

by 

Analysis. 


? . . . .00 . . . 

CO • • o • *0 * • • 

CD CO 

3 

O 

S ^ . .p . , . 

13 * • N • *0» ' * * 

CO CO 04 

Composition 
of Original 
Mixture. 


(3 ^ j> ro p»3 OS So c 

t 00 05 op Ah S3 M CO'in ^ 

CO CD <0 1?* fc 

3 

O 

(N c^a c 

i3 i3M iM iHl3rH N-jW C 

^ Si S ^ Sn S 

Atomic Formula, 

as s s 

P 3 p P P P ( 
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o a o o tf 

Ho. 
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LIST OF AUTHORITIES REFERRED TO IN PRECEDING TABLE. 

Bo.— Bolley, J^ssaw ct Puria, 1869. 

Or.— Oroookowit, JhJrdimmn's vol. xlv. 1848, j)p. 87-98. 

0. J.— Oalvort and Jolmaon, PhiL Mtuj.t vol. xviii. 1860, pp. 854-869 ; ihid,, 
vol xvii. 1869, pp. 114-121 ; ibuL, vol xvi. 1858, pp, 881- 888. 

Ma. — MattMeaaon, PMl, Trans.^ 1860, pp. 16D 184 ; ibid,^ 1864, pp. 167- 

200 . 

Ml.— MaUot, PhiL Mag,, vol xxi. 1842, pp. 66 68. 

Bl, — Riche, AnimUs de vol xxx. 1878, pp. 853 410. 

tr.S.B ,— of Gomtnitks on Metallic A Hogs appoinM by United States 
Poard, TimratoiFa iiiveabigatioim. 

We.— Weidomaxm, Pogg, AnmUn, vol ovRi. 1859, pp. 898-407. 

Prof, U. H. Thumtiou, who ooikIikjL^iI tho iavontigatiouB for 
the Uaitod Sbatoa Board, inakoa tho following romarka on tho 
preceding table ; — 

Alloya having the name of Bolloy appended give ooinpoBifcionB 
and oommeroial valucH, and mention vahiablo pruportieti, auoh m 
are given in the oolmnn of rtenarkn, lout do not give reHults in 
figures as recorded by other authoriticB. The Hamo proporbicH 
and the same name are recorded by Bolloy for alloys of dilForont 
ooinpoaitionH, such fiH those which in the column of remarks are 
said to bo suitable for forging. It might bo HU[)posed tlxat such 
propcrbi(58 bolongtul to thoHO mixbtiroH, and not to others of similar 
ooiuposilion. It suoms probable, liowever, that when two alloys 
of diiTerent mixturtss of ocjppcr and aino are found to have the 
same strength, cidoxir, fracture and malleability, it will also be 
found that all alloys botweon those couipcmit.ious will pOHsess tho 
same proportions; and hence tliat, insttwl of tho particular 
alloys montiouoil only being suitable for furgitig, all tho alloys 
between the extreme compoHitions mentioned also ptissess that 
property. 

**Iu the figures given from Mallet under tho heads of order of 
ductility, order of malleability, hardncHs, and order of fusibility, 
the maximum of each of these properties is represuntotl by L 
**The figures given by Mallet for tenaoity are conllrtned by 
experiments of the author, with a few very marked exeeptions. 
These exceptions are chinny the figures for copper, for ssiuo, and 
for OuZog (32*85 per omit, of copper, (17*15 per cent, of amo). 
The figures for CuZii^, as given by Mallet, caii, in the opinion of 
the author, only be explained oxi the suppumtion that the alloy 
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tefitod wa.B but aftiothorcoutiiiuing a povciuitag’e of copper, 

probably as high an 55. The liguro for the Bpooifio gravity (8-283) 
given by Mallet indioatoH tiuH to bo tiio orho, a8 also does the colour. 

“The liguro for ductility would indicate even a higher percent- 
age of copper. The name watchniakor’H braHH in the colunm of 
roinarkH muot be an error, an that alloy ih brittle, eilver-whito 
and extremely weak. 

“The figure of Calvert and JoluiHon and Itie.ho, a8 well m those 
of the author, give a more regular e.urve than can bo construoted 
from tho ligurcH of Mallet. 

“ThoHpooiru5graviti(^H in (^perimontH were obtained both 

from the ingot and from powder. In Home ctisoH one, and in 
Homo caHOH the other, g/iv<» higlumt r(»Hulb«. In the table under 
the hetul of Bpeoilio gravity Rie.he'H highoHt average ligimm arc 
given, whether them^ an^ from the^ ingot or from the line powder 
as probably the moHt nearly <*orrtujL Tlu^ liguroH hy the other 
method, in each caHc, are givcui in t.he cohimn of remarkn. 

“ Th(^ ligureH of Iii('lie and I ^alvm’t and Jolumon are Hoareely suHi 
oient in numlnn- to show dt^hiuUdy the law regarding Hpeoilic gravity 
to oonqjosition, and the enrva'H from t liter iigurt^n vary conHiderably. 

“Thefigurt'H of tht^ anther htung much more mummum than 
those of earlier exptunmmitturt, a much more rt‘gular curve m 
obtained, enpecially in t liatpartof the HcrieH which includes the 
yellow or uneful rntMaln, The irrt?gularity in that part of the 
nurva which inehidc*H the hluiHh gn^y niet4i-l« is, no doubt, due to 
blowholes, os tlie Hptuiilie gravities were in all oases determined 
from pieces of couHiderahh^ sim If they were dotermined from 
powder, it is prohahh^ that a more rttgular sat of olmervatiorm 
could be ohydned, and ( hat ihime would show a luglu’r figure than 
7T4'3, obtained from cast. /ine. MatthieHNi'n h figure for pure ssino 
(7T4B) agrees very chihely wuth (hat elitained by author for 
the cast ’/inc, whieli eentauuMi alnnH, I per fent of lead. 

** The ftgurf^M for hardnesh given by f'ldvert and Johimnn wtni' 
obtiwnecl by mmaiH of an indenting f‘*ch 'I‘he figures are on a 
scale in which the figure for east mm is taken an 1000, The 
allays opposite whieh the word 'hrolu»‘ appears were much hiurdar 
than cast trtw ; and the mdenting Uml hmke them, iMtaad of 
making an Indimtafion. The fignrtis of silloys eonfcaining 17 ‘06, 
20’44, 25'52, and d3"l»4 per r«-nt. of %ino hav® nearly the aam® 
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for hardness, 
varying only from 
•1 ‘27*08 to 472*92. This 
t'.t)rroKpon(lH with what 
IniM \mm Htatnd in ro- 
garil to the Himilarity 
in Htrongt.h, colour, and 
other pro|)(n'tioH of alloys 
hotwocn liiCHC coniposi- 
tionH.” 

Siiuu^ the publication 
of this table nuujh 
ban b(uui added to our 
knowltulgu of the 
brnHHt‘.H by the work of 
llharjiy, lloluu'tH AimLon, 
UehrenH, Lt) (lhatelier, 
a.nd many <»lh(n'H, Tiu^ 
mt'l ting '■ poll its of tlie 
e.opptu* /.iuc alloys luivc^ 
biuui did-eriiiintul by 
{'harpy and Uoborl^- 
Austen, atui their work 
hiiH Ihh'u confirmed and 
anipUfied moro rooently 
by Shc^pherd, d'afel, and 
( Jarpenter and Kd wards, 
from whose resnltH th(3 
adjoining diagram (fig. 
5-1) has been drawn. 
^riuH (ujuilibrinin dia- 
gram ('xprt'HHOH all that 
in at present known of 
tlu' oouHtitution of bh© 
(5oj»{un* y.inc alloys, For 
the sake of companion 
ourvea rapreHcniting the 
mechanical properties of 
the copper -»ino alloye 
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aro ])lt)tt(ul in fig. 55, 
which Hliouhl -ho rcac] ^ 
alori^ with h^. 54. f f 

MoHt writicrH hav(‘ ^ 
coiiohuh'd that oopiMu* 
aiul ziiui form a dn(iuil(‘ 
compound oorn^Hpond 
ing to the hn’iuula 
GuZiiq, and, ])OHHil>ly, 
other (un tipoundH corrt' 
Hponding to (hiZn and 
OnZn^. Shophonl, on 
tlio oth(‘r hand, argues 
that chopper and yJnr 
form nix nolitl solntions, 
hut do n(}t form any 
dofinittHHunpfumd. I'ldn 
o[)inion is dillicnlt t<» 
riHtoncih^ with lht» very 
strong ovidrmui which 
has hiMMi hnmght for 
ward in Huppjjrl <»f (ho 
vi(^w tiiat a romjxmnd 
OuZhu oxislH. Briolly, 
the oxporiimnilnl ovi 
doiu'o in Mtipp(»rt of tlu' 
oxiHti*m’tu)f a compouml 
is ftH followH: ( 1) 1'lioro 
is a rapid diminution 
iti the strongth <if tht< 
alloys as tho oomptrsi 
tion GuZm^ is reaciuHl. 

(2) Tho alt, oration in tho 
©laotromolivo foro.o of 
tho alloys, iiH allow n hy 
I/auria in IHHH, and Inirr 
by Horaohkowitaoh, 
points to tho ©xiatimco 
of a compound, (B) Tho 
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eleotrioal resistance of the alloys shows a sudden variation at 
the same point, as also do the curves of temperature coefficient 
and thermo-olootrio power ; and, finally (4), both Baker and 
Heraohlcowitsoh have shown that the heat of formation of the 
alloys reaches a maximum at the point corresponding to the 
composition OuZn^. This maximum amounts, in Balcer^s experi- 
ments, to 52*5 calorics per gram of tho alloy, and iiis results also 
show a second rise at a point corresponding to the formula CuZn. 

It is true that the microHiu>pi(uil examination of the alloys 
shows a continuous series of appariuitly solid solutions, but it 
must be remomborod that Oharpy has shown that compounds and 
solid solutions may be mutually soluhlo in ont^ another, and this 
would bo quite sufficient to account for any lack of discontinuity 
in the miorostruoturo of tlu^ sories. 

A glauoo at tho freoKing-point curve of the series will show that 
the constitution of the alloys rich in /Jno is very complex, hut 
these alloys arc of little industrial imp(u*tamu*, and tin* constitution 
of the alloys rich in copper that is to say, the hraHstm— is ooui- 
paratively simple. With a few exceptions the alh»ys c»f industrial 
value may bo said to lie within the Unnls of 55 aiul 70 per 
cent, of copper. The alloys containing mori^ than ()4 per cimt. of 
copper consist of a single liomogeueous solid sidution, while those 
containing from 55 to 64 per cent, of tuipper are 0 (uupns(ul of 
two oonstituonl/H, (Uioh of whic.h is a solitl solution. Pliotograph 
12 shows the appoarauoe of a br/isH containing 70 p(U' cHmt. of 
copper, and photograph LI is a typical yellow brass or Muut/i 
metal. Tho alloys with tho simple Htruetun» can Im rolled cold 
(although in practice they are inon^ often r(»Ued li(»t), while those 
containing two aonstituents are rolled hot-. Of (sourst^ there is no 
sharply defined limit botwecm the alloys which can he rolled hot 
and those capable of being rolh*d cold, hut thf^y can bo classilied 



in a general way according to fch<»ir structure. 

The early or calamine method of making brass, which has 
been referred to, consisted in heating a misture of -due oxide, 
charcoal or coal dust, and granulatcMl coppeu* in oruciblcs, ''rUc 
ssino oxide was reduced by the ahanioal and tho Ubyrated mctid 
then alloyed with the copper, forming brass. This proc.cHH has, 
however, long been abandoned in favour of a direct method, and 
k now only of historical interest. At the plWent time brass is 
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made by the direct fuwiori of the inotal», tlio copper being melted 
first miclor a layer of oharooal to prevent oxidation and the zinc 
added to the molten metal at as low a tomperaturo as possible. 
The alloy is then stirred and, if uocossary, allowed to cool some- 
what before pouring. The molting is nearly always carried out 
in oruoiblos, usually of pbuiibago, boated in furnaces, whu^li may 
bo either c.oko-, oil-, or gasdired. Whore largo ingots of yellow 
brass or Muntz mol.al are nspiirod, the alloy is somotimos made 
in rovorhoratory furnacos, capabh^ of melting several tons of 
metal; but the loss zinc in reverberatory melting is very high, 
and the method is not employed for high-grade brassos. 

Tlio pouring or casting of the rimlted alloy is a very important 
operation, as tlu^ ipiality of the brass dopemds largely on the 
tomporaturo at which it is earned out. If the temv)<>nituro is too 
high it will bo full of hlowhohm and will probably crack in rolling. 
Such dch'ctive motal is somotijoeH (h'scribtul as ‘‘spnoy.’’ If, oti 
the other hand, tluj motal is [iourod tU. too low a, tomporaturo it 
toruls to solidify as it touches the mouhl, with llm result that 
there is iinpt'rftHd cohcHion of tho nud.al, or, as the mclter de^H<*riheH 
it, ibis ‘*H}>illy.” This torm is also applitsl to imperfiict castingH 
due to tlu^ proHonoo of charcoaf or dross, ddie lutmldK into which 
the metal is poured ar<» prcndously licatod and tho insides coated 
with oil or mixtaires of charcoal and oil or rosin and oil. 

Tho iiuluHi.riai hra.SHc.s may be convmiit'ntly dividisi into tlin'O 
olaHHCs, vi§5. — 

1. Cant bra>SH. 

2. Low brass for lint, rolling. 

3. High hruHH fur cold rolling. 

Oast braHH is very varialde in compiKsithm ; but, with the 
oxooption of a few alloys n«’h in o,i>ppcr umisI in the luanutHOtmv 
of elieap jcwclhiry, etc,, tht^ usual com[>OHiti(»n of cast brass is in 
the noigldsHU’luHsl of th» pm* emit, of oopper and .‘M per cent, of 
zino^ whiith is known as Ihiglish standard brass. It castH wtill, 
and is cmpable td being rolhsi and hammered and i*ven ilrawu 
into wire. In most caneH, In^wevm*. east brfiSH is imt nHjuirud to 
undergo much imsduuneal tnsatment, and it is cutiHiK|umitly very 
impure. Large «|uantilicH of scrap are employed In Ite manu- 
facture, and it umtallv ountains ndaiivelj large amourite of 
impuriblfm, Huob m ty», iron, and lead. ThtMC are of little conse- 
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(jueuoe, and, in faot, if the motal is ti) ho luaohiiu^d ot iilod the 
presence of lead, as will bo scon lat(u*, in a dintinct advantage 
in facilitating thtJHu operations. Further, the pr(*soiic(^ of tin 
and load together gives rise to very ilukl alloys invaluable for 
lino castings, and having a colu\ir sonu\what. rem^iuhling bron/o. 

Low brasses, suitable for hot ndliiig, contain from 55 to 
63 per cent, of ooppor, '^b(^y are cast in largo ingots, which 
arc reheated and passed tUrungh tlu> breaking down rolls, 
followed by a geoond reheating befon^ paasing tlirongh tlu^ liinHiung 
rolls. Hot roilit\g is tUoroforo rapi»lly carrit‘d out, and only 
rotpiiroH a single reheating from begiiiniiig tt) mid of tlio rolling. 

The commommt of the yellow braHses is that known as Munt// 
motal In 1832 (Jeorge Fredoriok Munty; took out a pn, tent ^ for 
the UHo of an alloy c.outaining 60 per tumt. of e.opper and 10 peu’ 
oont of Jfiino as a sheatliing iiu^tal for and he claimt'd that 

in those proportions, ** whilst the eopjjer was to a eoimiclerable ex- 
tent presorveil, there was a sulheitmt oxidation to kis'p the bottom 
of a slop oloan.” In 1846 Munfcyj took out another patt^nt for a 
cheaper alloy coxitainitig 3J per cent, td lead and 56 per cent, of 
copper, which was elaiuicul to bo eijually Hatisfaetory for the purjmso. 
Although those alloys arc no longer re(purod for the particular 
purpose for which the patoiits were issued, the alloy containing 
60 per cent, copjier and 40 per cent yane is iargedy uHud for other 
purposes, ami is still known under the namo of Muni/, metal 

As alruafly mentioned, MuuU met-al eontfuns two eonstitmuitH 
™a soft ooustituent a and a harder oouHtituunt /I In the 
east state the alloy poHseHseH a coarse st.ruetuns tlu^ two tain 
stituonts separating in large maHSCH, but (he tdhad. of hot rolling 
is to retard the growth of these nmnseH with the [iroduc-tion of 
a stronger metal poBHCHsing a Ihmr strueiun^ If tlm work 
takes place at tem[ioratureH below 600** tlu^ alloy is no longer 
capable of any molecular n^arrangtmumt, and the only ellbet 
is to distort the grains or erynUilN already formed. A ttuuperature 
of 600** is thoreforo regarded by llnugough and Hutlson as the 
limiting temperature dividing ^Miot’^ and “eold^* work for this 
particular alloy. The elFeot of cold work is removed by anujcaling 
n.t 800**, or by prolonged annealing at lower tmupemturas. 
ut% motal is hardened by qumuihing, and th© explanation of 
^ Pftt. No. m&. 
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thifl iH readily Hoon froiM itn Hiruolurt). VYiUi iiunmsing toriipera- 
tiiro the a ooaHl/itueiR is dissolved by tho iuirdor constituent 
until, at tlio alloy containing GO per <'.out. of copper con- 

sists entirely of tlu^ /:? constituent. If, now, tho alloy is (pienched 
from this teinporatun? tho soparat.iou of tho a constitiumt is 
hindered, and tlu^ alloy will bo found to bo strongor, but loss 
ductile than bofonv 

High brasHOH, suitable for <told rolling, usually ('.ontain 
more tlmu GO p(u* cent, of e.opper, and tlu^ b(‘.st <ilass of brass 
for tubes and win^ drawing (lonLuns 70 per (umt, of oopjsw anfl 
30 per emit, of '/ino, t'njin tho rcmults of uKuduinitJal teslH it will 
be soon that tUis jdhty poHHt\HH 0 H the uuixiinum ehmgatiou of tho 
series eoinhiiuul witli a eonsidurahhi degreui of strength. 

Brass intended for rolling or drawing is cast in moulds of Bucli 
shape that tlu' work nupiired on the alloy shall be reducaul fvs far 
as poHsihh^ Kor plate or wir<» the inoidds, whitdi are made of 
iron, are from | to of an intdi thick, 3^ to 13 ins. wide, and IH 
to 28 ins. long, d'hoy an^ made in two pitu‘eK held togrthm* by 
the simjdii (bwi(u* of a ring and wtMlgt^ l^’or wir<^ drawing the 
plates ('.ast in these moulds an^ rolh’d In a {tcirtain (extent ami then 
out into Ht rijm, whieli art' rolled into roils ami linally drawn into 
wire. In any I'ase, the numbunieal t.realimmt of brass in the cold 
must be inttuTUpled by freipumt annealing, or the results will bo 
disastronH. Moreover, after (*aeh amunding tho bnms luis to bo 
cleaned in aeid l*o rmnove tln^ surfacn deposit of oxide. As an 
instance, of this, Sir William Anderson sUtcM that in the pro* 
duedion of a hrass carlridgt* exists measuring 16 ins. in length and 
tapering from 7 ins. dianudor at the briuah end to (U ins. at the 
muz/Je (aid, made froni a disc of brass ins. in dianuder by J ins. 
in thie.ktu'HH and wtdghing lbs., no less than eight annealings 
and oleaniugH in mud are neetiHsary during the stages of drawing. 
If an atti'mpt is made to lessen th(^ number of annealings the 
alloy in tlu^ linislied pro«luet is in a state of mohnudar strain, 
and tlu^ ellort of (he mtdal it* ndurn to its natural stale of 
equilibrium reHults, in the tumrse of time, in th(^ fracture of the 
metal. Inslamam of eartridgi' (want's cracking in this mannor 
while in the arsiuial .Htoren caused eonsuhifable trouble until 
the cause was tliscovert'd. This omoking, which may not taka 
place until many months after the manufacture of tha artiol©, 
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iB known as “seasou” ciucJuufj;, aiitl in very liiible to occur in 
drawn tuben if the pinch haH b(‘eii too and the annealing 

insufficient. Tn an ac.tual ouho under ob.s<5rvatinn a fctibo was 
noticed, tbro<5 monthH aJter the dale of nianura,(;i»ure, to bo 
Hliglitly ollipti(5al in Hoc.tion. After six nionths tlu^ nllect was ex- 
aggerated, and not until one year had (da}>Hed did the. tulx^ actually 
crack. The ea'ackw always oe.eur l<n\gitudinally, and tlie average 
time of appearance} is from six to twtdve inonthH afUu' manufacture. 
Season cra(iking is also liabh! to (Hjcuriu Hpun hrasH. 

The annealing of brass is carri(Kl otit in r(}v<n'b(}ral.ory furnacos, 
which may bo boated by solid or gamsms fuel ; but in (dther case 
th(i object aimed at in the coimtrue.tion and working of thcifuruacje 
is to mainbiin a n'due.ing atmosiffitn-e ho as to cause a minimum 
of oxidation. 1'he Uimptn-ature of anm^aling is of gnxit import- 
ance, and muoli liglit has btum thrown on the Huhj(x‘,t by the work 
of Ghavpy, Ho experimented on brasst's of varying e-mtiposiUon, 
which were hannnorod and rolhul until a maximum liardtiesB 
was reached. Mechanical toslH were made on bnisscs in 

their hardened condition, an<l also after annealing at gradually 
increasing Lanporatures. Th(} restdts show Unit \ip to a certain 
temperature annealing is witliout (dlect. Above this tmupcrattirc 
(which is not absolutely Iked, but depends on the amount of 
harchming the alloy has undtu'gone.) the cdlee.t of annealing in- 
crc'aHi^H with the in(U’eaH(} in tcunperatun* until a maximum is 
reached, Ahov(} this jioitit tlun'o is a range of temperature at 
which the properties of Hu} brass nnnain unalLu’ed, but beyond 
the upper limit of this range the alloy rapitlly dt^Uu'iontl.eH and is 
said to bo burnt. The fjgun^H ohUint'd from the annealing of a 
brass tuintaining 70 per (Uiut. of copper and 30 per (smt. of mm 
may bo taken as an example (nm p. 181), 

It will be seen that atmealing below 280" has practically no 
effect, At 420®, however, tlu^re is a vt^ry mark(‘(| softening of 
the alloy, and the inaximtim tdlet'.t of annefding is rt'ju’.lusl at (>0()\ 
According to Gharpy the alloy madt} from pure copper atul 7«iue 
can be annealed at a tempemture of 900'' without being burnt, 
but the same brass containing 0*15 per ceiti. of titi and 0'2 per 
cent, of load is burnt at about BOO**, The mechanical properties 
of the series of alloys in a completely annealed (mndition con- 
taining from 0 to 50 per cent, of zinc have been determined, and 
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the results of the tonnile tests and (dongationH are plotted in the 
curves in fig. 155, I'cstri on tho compressivo strength of the alloys 
showed tliat this property varies iuvcrHuly as the elongation, and 
the roBultB of shock tosts sluw'cd that, with alloys containing less 
than 43 per cent, of zino the fragility was negligible ; hut beyond 
this limit the alloys rapidly became brittle, and those oontainixig 
more than 50 pur ctuit. of iraiio hrolu' with the slightest shock. 
From these results (Jharpy concludeH that as far as the meohauical 
properties of the hriism's are ('.oiK’.erm'.d the alloyB slumld not 
contain more than 15 per cent, of '/hie, and that no uneful pnrpo8(‘ 
is H(U’ved by having lorn than 3t) per cent, of /.ine. 


■ 


Aiuioitling 'iVnipninturn. 

'I‘niimln Hlnui^lh 
in trmn pw fl(|, in. 

0 

:il'4 

taur 

m/h 


V!« '1* 

420 

V 1 -s 

acc 

•it t\ 

f.So 

lire 

SuO 

i 17*4 

S6() 

17*4 

7S0 

1«*« 

7Ht) 

lS-2 

mo 

ISU 

HfiO 

17*4 


Tilt* intluence of pn>longed mmimling on braHsem cotitaining 
more than 55 ptu* (*.ent.. t>f cnipper is of oonsiclorable interest. The 
Htruoture id thesei alloys in the east state uousista of orystidlito 
resmribling those of hrouKt^, but if the metal is annealed at about 
600** the Htrueture gradually changes, tlie erystallites disappearing 
and giving phus^ to a wtdl tieiiuetl crystalline stmeturn resembling 
that of a pun^ melnh With prolonged anmuding these crystals 
inorcfmo in ; and if a Hatupin of commercial rolled hnuiH, wheme 
structure couHist^s of small orystidH, is anm^aliKl, the crystals will 
attain a cousiderahle sisee j hut in this case tho result of the 
mechanical treaUuent whirli the metal hm undorgona i® made 
evident by tho appearance of “ twin ” crystals. Tho lar^a orystak 
are composed of a homogeiictnm solid solution, and are thomsolves 
sfcruatureh«s. 
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Brass is capable of withstuiiding very drastic treatment, and 
in addition to rolling, drawing, stamping, and spinning, it is 
capable of being (jxtrudod or forcsod tlirough dies at tempera- 
tures somowbat below the imdting-poiut of the alloy. Great 
advances have bium made within the last few years in the 
extrusion of brass, and complicated siMjtions which it would be 
impossible to roll are now regularly mauufacturod by this 
process. 

Up to tb(^ pr(‘sent wo have n‘gard(‘d brass as a sitnple alloy of 
copper and i^iuo ; hut ooininercial hims invariably contains other 
metals, and, although tluy are (mly present in small quantities, 
their prt'sinn'o has an imporiant infhienee \ipnn the ipiality of the 
brass, Tt is tliertdore u(u*.essary to consuhir tlnnn in some 
detail Homo of tln^se metals are addtsd inti-utionally iti onh^r to 
confer certain propertit's iqam the alloy, and otlun’s occur as 
impuritioB, Those added iutentienally arc^ h‘ad, tin, HT\d iron, 
while lead, arseuitt, antimony, and iruin^ rarely bismuth, are 
introduced tinint entionally. 

Lead— I >rass is never cutin’ly frt^e frotu lead, as the zinc 
employed in its prodmUion invariably contains a small penumtage 
of load, Tligh grades brass, however, shendd m^ver <umtain more 
than OdO per <*.ent. of lead or its tlnctilily will 1)0 impaired. In 
the case of brassi's winch are to he turned or mai'himnl load is 
added intontiomdly, and tin* object of the addition is readily 
apparent when tin* structun^ of the bniss is tsonsidtu'ctL Load 
does not alloy with bmss, but separatcH out in the form of 
globules and lilms betwiam the eryatals of the brasH, a condition 
which necessarily weaktnjH the inetal, and is tndy permissible 
whore strength is of Huc<mdary imporUinee, The presence of 
2 ^ or 8 per cent, of lead (’anuot lie tlutecled in a pollslicd surface 
without tiie aitl of a microscope ; but if the brass is broken the 
fracsture is of a distiuet grey colour, owing to the fact that tho 
line of fracture |)aHHeji through the lead. Now, it is well known 
that a pure brjms la difficult to turn owing to tho nature of the 
burnings, which are long and ttmacioUH, and tend to obstruct the 
mechanism of automatie maehincH. A slow H[jeod has to be 
employ od, and fr(H|ueutly a burr is produced which fa dinicult to 
remove. Brass containing lead, however, behaves very differently 
'na to the fact that the lead is in a free state, tho alloy is lesB 
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tonafMouH, and tho tnrninpjH break ofV through the linea of 
wealciioHH oiuiHod by the letnl, ho that chi pa arcj produced inatoad 
of long Hpiral ttirniiiga. jVIoreover the loud ajjpuara t(» act aH 
a lubricant, witli the ri^ault that a niiK'.h higln’r apeod can bo 
employ ed, and a In^tlor linlsh givt'u to tlio work. 

Th(3 bcncLicial of lead in bruHH<‘s irii.enth'd turning Wfifl 

known long Ixdore (.h(‘ nat.nro (jf iU inihnuu'e waH underHtood. 
Percy Btat.cH that it in \iHual to lutnHlueo a Hinnll (juantiby of 
load (about 2 pi)r cent.) into braHH in (trder trlnd- l.h(3 chips may 
loavt3 the tool (3aHily. Iln nuuitiouH l,lm.t the lca<l Hiiuuld bo 
added after the on K’.ibln has boon witlelrawn from tho lire; b\it 
the imual method in to add Mu', load afler the ininc, and while the 
cruoil)le in Htill in tho hrt', yol at m low a loinperaturx) hh poHHibht* 
In any case, the alloy in (horonghly Htiirt^d immedfately before 
pouring. 

Tho alloy in rolled eohi, on ao.oount of its liMinlity to crack if 
rolled hot, and the, aimunit of loful whi<di can ho addetl, without 
Hcriously ullbcting it an ri^j^a^'da its eapahility of holng rollecl^ is 
about 2 [jer ciuit. The? hont alloy, and that which in most 
ooinrannly uhoi], «?(mtjunH ahmit hO pju’ t?onL of copper, 3H pe)r cent, 
of rJiKj, ami 2 per cent, of loml 'Throe Kiunplos of hard drawn 
Horow hkIh ((Uot<Ml \\y Sperry gave (ho following mechanical 



L 

n. 

XIL 

Tcicufn ishrso’ith |»c*r in, , 

ft t. 500 n*. 

62.400 Ilw. 

64,000 Ilm. 

Mhuc/itf cin «»ii H iiiii. 

10 jH’i onnt, 

l!l i«ir Koiit 

re percent 

UiMluiiina nf unsi, 

fiH 

Oil 

63 „ 


Tin nhould not he present, an it impartH hardncHH and atrongth 
to thi? alloy, propertn?s whit?h are not aimed at iu a hraHH intended 
for turning. 

'iVn.— 'TI un metal la ofn?n ad»lcd to braKH, and tlu? alhiy In 
known m naval** brnhs, A Hinall percontago of tin remlom 
braMM, and tnore espociHlly 1cm bms«cH of the Muniv. metal type, 
lena liable to c.orroiaen by neit water wdnsii in contact with gua» 
metal. It ia for tlua reaHc*n that bnmmtM oontainmg Un arc 
employed in naval coirntruetion, Kami bni« oontaiim approxi- 
mately 62 per cent, of c!opper, 37 par cent, of sdne, and I per ocut. 
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of tin, while a softer alloy, suitable for tubes, etc,, which has 
given good sorvioo, contains 78 per cent, of copper, 21 per coiifc. 
of zino, and 1 por cent, of tin. 

The addition of 1 por cent, of tin to brass gives an incroaso in 
the hardness of the alloy, but does not Boriously aflcct its 
meohanioal proportioB. Loyoud this liniit, however, there is a 
rapid inoroaBO in brittleness and hardness ; and with more t.hau 
2 per cent, the alloys lose their uHofiil properties. 

Aramic and Antimony . — (loniinorcial copper usually contains 
these metals os impurities. Their prosonoe has an important in- 
fluence on the cpiality of the brass produccul. Antimony appears 
to be more injurious than ar.-^enir, and, oven in nniall quantities, 
is capable of rendering brass unfit for rolling on account of 
(jraoking. 

Sperry found that as Uttli^ as ()’02 per cent, of antimony in an 
alloy of 60 per cent, copper and 40 per tu‘ut. '/hm gave rise to 
incipient cracks during the neecssary umu‘aling and rolling. 

Biamuih also occurs, thougli more rartdy, in some (pialitios (jf 
commercial copper, and hcuco fmdH its way into brass. Its eilcct 
is very similar to that of antimony, but, aotiording to Sperry, it 
is leas injurioiiH, Kor example, he found that brass composed of 
GO por cent, copper and 40 per cent, zinc containing 0*02 por 
cent, of bismuth rolled almost as well as pure brass and was free 
from oraoks. Sperry, therefore, gives this tigure as the dividing 
line betwoon good and bad brasHos of this eom{<oHiti<m but bo 
states that high brasses initanled for cold rolling slumld not con- 
tain more than 0*01 por cent, of bismuth, 

It is not difficult to underatand the nature of the ladiaviour of 
these impurities. .Neither antimony nor bismuth is appri'ciably 
soluble in copper or in oopper-zinc alloys. Tln^ result is that when 
the brass cools down and solitlltUm, the antimony and bisranth 
(either in the free state or oont^uning Hinall quantities of copper), 
having muoh lower melting-peiuts than the brasn, tomatn liquid, 
and Anally solidify between the cryntals of the brims. Couhq- 
quontly, each grain or crystal of the brans is HopurattMl from its 
neighbour by a thin, brittle film, and when the brass is rolled these 
separating layers are incapable of withstanding the strain, and the 
alloy cracks. Arsenic, on the other hand, is distinctly soluble in 
copper, and is thoroforo less harmful, in fact, it has a liardoning 
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cfn^ot upon, tho C(>p])or, and itn proHouco in ^omoiiniOH actually 
bonGlioial, provided tho limit of Holubility ia not oxtujodod. Ah a 
rule 0*r> por cout, in (^oiiHidorod tho luaxiinnm. 

Iron huH b(K^u added to hmm from early but it in probable 

that ita proH(nion in old branHi'H wan aceidontal. At tho proaont 
time, however, iron in dolibnratoly added to bruNH in onior to 
produco a Htron}j[<w anti harder alloy tlmn ordinary branH. An 
alloy containing o1oh(^ on 3 ptw <*,(*nl. of iron wan H\ig^«;<mtcd by 
Koir in 177‘J, and later tho ulleya known ae fllnrro nudail and 
Aich’B metal ^ wore introdnrnd, 

Storro motal contaiuH 00 p«w <a*n(. of coppew, 3H per rout, of 
zinc, and l*fi to 2 pc5r <i<mt. <if iron, and Aieldn nH!tal ih praoticatlly 
tim Hanuj, although varioii J analyMoa nhow that the pertuuitaga 
iron varioH within wi<le liniita. 

One of tlu^ hnv ndiahhi of thene ailoyK k given by I^itrcm 
RoHthorn, who U‘Ktod a namplu id nterro inelal nnntniuing nfrU^ 
por oont. of copper, pi«r cent. t)f zin(% ()‘S3 per cent, of tin, 

and i*77 [air oont. of iron, with tho ftdlowing nmuItH : — 


Ooiuiithm, 

'rmiui’ity m lbs. juir iwp in. 

.... 

<!a,4H0 

Fom^d 

78,180 

Otjla drawn . 

88,120 


'rhti vary variable percoatagOH of iron found in thtmo alloyn wan 
probably duo to tho imporfaot mothodi of nmnufacturu, tho iron 
being added in tha form of a oopperdron alloy which waa in all 
probability not properly idleytHi, In IHHd, however, Alexander 
Dick took out a patont^ for the manufacture of iron hraHn which 
he called Bolta inotftl, and niuce^ th o time tluwi alleya have been 
largely uaed. 

Tho oHHontiiU f^mturt^ of I)ick h patent were - 
(1) The itRrtKluction of tho iron in tho fi>rm id an alloy of iron 
and Kitic, whioh oouhl be obuumnl of reliable compimition ; and 
(2) tho addition of a mnall peroenUigo of pho«phoftt% which has 
tha effoot of preventing oxidation. 

In lulditiou to iron and phoaphorus, however, oommeroial Delta 
^ Pttteatml taco, Ni». 278, ^ No, 2484. 
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metals frequently contain mai)|j:an('Ke, aluminium, tin, and some- 
times loud, wliicli account.H for i.hu dilli'n'ufc compositious as sliown 
by various published auulyHos of tlu‘sn alloyn. 

The average composition is approximaf-oly oop})or 55 per cent,, 
Kino 4:^2 per amt., with I to 2 [)or oouL (jF iron and small quantities 
of manganoHO, alumiuivun, etc. 

D{ilta mutal is Btrongor, hanlor, and tougln^r iJuin brasH, It is 
easily cast, and is capable of Ixfnig rolled hot and drawn cold. In 
addition, it has a much gri?ater powiir of renistiug (uu’rosion than 
ordinary brass, whiidi enables it to bo ustal for many [uirjioseH 
whore brass is inadmisHibh^ 

The table on p. Ml) givu's some nwilts of tc^sts uiado at Lloyd’s 
on aamplcH (»f Delta niebd. 

Delta metal was employed for the inauufjudairo of the worm 
wIiooIb in the first locomotives used on the I’ilatus mouutaiu 
railway and gave very saiiHfae.lory resuU.H, as re[M)r(.(Hi in the 
Schwemnsehes Gt\wr,rlM<iit of Hth »Imu^ 18^9. 'rim eastings, 
which were tested by I’rof. Tetiniiyer, showed a teiisilc stro.ngth 
of 21^ to tons per sq. im, with au elongation of 50 to 40 per 
eont. on a longtli of 7 1 ins. 

An iron brass under the name of Burana metal is umuufacturod 
ill GiJnnany. It appears to oUmely nmemblo Delta metal in its 
proportioH, and is made in si^veral tpialitii^s. on a number 

of aamples of this alloy gavt^ results varying between 25 and 45 
tons per sq. in. ultimate Htress and 7J t.o 58 team elastic limit, 
with olongations of 50 and 4^ per cent. n?Hpt^otively on a length 
of four inohoa. 

The constitution of the iron hrassc's has not boon HuHieiently 
investigated, but when present in small amonntH i be iron enters 
into tiio alloy in the form of a Hoiid solution and dtu^s not form 
definite ohomical compounds. When more than about 2 pisr cent, 
of iron is present a compound of iron and xino is formed. 

The majority of the commercial hrawim are eonHitlerably oom- 
plicated owing to lb© presenoe of manganoHe and aluminium in 
addition to the iron, and there is an ineruasiug tendminy at the 
present time to use hrasses of a complex nature in priderence to 
those containing, in addition to tho copper and gsino, a single 
metal sueb as iron, tnaugfuaosc, or aluminium. 


[Tabus. 







188 


ALLOYS. 


TUlUJonilAPIIY. 

Anderaon, Sir Wm., 'MA.urth K<‘por(, A\hy^^ Kf^at'ar<*li (Nunmittua,” 

Mech. Eng.i 1897. 

Baker, Phil, Trans,, vol. oxv.vi, p. 529. 

Bongough and HndHon, Jour. ('hem. Ivd., .taminry liMis ; ami Jour, 
Imt. qf Mdah, v*i], iv., 1910. 

Carpenter and Edwarda, Jour, Inst, r//' .IMn/.*?, vu). v., 1911, 

Oharpy, Bulletin de la t^ocUU tV Knrouniijrment, t!uiit.ril»\itiiinM K lYludo (iaa 

Allingoa. 

Rowland, “Ooppor and ilH Alloya in l*‘aily Jour, Inst, of liftiuh, 

vol, vii., 1912, 

Herachkowitach) ZeJtschriftfiir johyniknHsche iJunur, vi>l. \\\n, s 1898), p. 

Le Ohatolier, A,, Hevue gtUi Mile des Brie ncr.t, Ihyi ; (hmptes Hcndm, 1890. 

Lo Ohatelior, H., Ofmtrilmiiom d l*Mude Jes AUiagm. 

Maoklin, The Brasses of Kntjland. 

Norsa, Elootrit^al PvopovtioH <d (Itjpjmr /litic. Alluya,** Rt ndus, 

vol. olv., 1912. 

Boberts-Auaten and Stanaflold,*' KourtU Unp‘»vt, AlUtyw (l(junniu>*«\,” 

hut, Muh, Kng., 1897* 

Shepherd, Jmr, Vhys, Ch'tn., 1904. 

Sperry, Jour. Amer. Imt. Min. Eng,, July 1H9V, lA’liruniy 1898, Ootubnr 1898. 

Tafol, 1908* 


CHAPTER IX. 


COPPER ALLOYS. SPECIAL BRONZES AND BRASSES. 

Phosphor-bronze. 

Tub addition of phosplxonia to bronze has nsnally boon attributed 
to Dr Kiinzel of Dresden, but it appears that De Ruolz and Do 
Fontenay had carried out experiments on the introduction of 
phosphorus into bronze as early as 1863, 

Phosphorus unites both with copper and tin, forming the alloys 
known as 'phosphor-copper and phosphor-tin (see Chap. X.), which 
are used as the means of introducing the phosphorus into bronze. 

The action of phosphorus on copper or bronze is a double one. 
In the first place, as is well known, phosphorus has a powerful 
affinity for oxygon, and when it is added in the form of phosphor- 
copper or phosphor-tin to the molten metal, its first action is to 
reduce any oxides which may be present. The oxide of phosphorus 
thus formed has an acid character and combines with a further 
quantity of metallic oxides forming phosphates, which pass into 
the slag. 

The bronze, which is now free from the dissolved oxides which 
cause so much trouble, is more fluid, gives castings free from 
pinholes, and is superior in every way to ordinary bronze. 

If the quantity of phosphorus has been accurately judged, 
none of it will pass into the bronze ; and this accounts for the 
fact that many excellent bronzes sold as phosphor-bronzes have 
failed to show the presence of phosphorus when submitted to 
chemical analysis. Their sxiperiority over bronzes produced 
without the addition of phosphorus is entirely due to the removal 
of dissolved oxides. 
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Tho value of phosplioruH hh a dooxidim^r ih now fully appreciated, 
with tho roHulbthat itn ini[)ortanoo aw a cotmtitinuit of bronze haa 
boon considerably underraiod and uuHUudorHtood. lb has frequently 
boon sttitod that tho only of phonphoruH is us a dooxidisor, 
and that wh<ui tho quantity pn'sonl; is in (ixcoss of that necessary 
to destroy tho oxides in tho alloy tho bronzo is inferior in cpiality. 
This statoinont rccpiin's oonsiderablo inodilieation, as in many 
eases an excess of phosphorus is purposidy atidtHl, anil is found 
to confer valnahlo propertitis tqion tho alloy. Tho mistake, 
however, has probably arisen IVom the fae.t that the hronzos 
containing phosphorus have vmy diirorent lU’opm'Ues to those of 
ordinary bronze, and art^ very fnupumtly imt adapted to the same 
purposes. 

The term phosphor bronze is applied to many alloys, and to 
avoid confusion these may he grouped into three idaHses : - 

1, Bronzes of ordinary nomfKwiUon, in whieh plumphorus has 
been employed solely lui a d(K>xidiser, not more than a trace being 
present in tho bronze, 

2, Bronzes containing 1(‘hh than 9 per lumt. of tin and only 
traces of phorphorus. Thwe are frequcMdly put on the market 
as “ KoUed or Malleable Bhosphor Bronze.'' 

3, Bronzes oontaluing mere than 9 per <‘i«nt. of tin and an 
excess of phosphorus (usually from ()’2 to 2 0 per emit.), and sold 
as “Oast Phosphor Bronze." Among this group may be placed 
the brorizoK containing plumphonm and lead used as bearing 
metals. 

The bronzes in (llass I call for no special remark, as they are 
merely ordinary bronzes free from oxides, 'rhose of (Hass 2 can 
bo employed for all purpuses for wliich copper and soft bronzes 
are used, such as boiler tulnm, condenser tulum, pump roils, piston 
rodsi boiler stays, firebox stays, bolts, nuts, etc. When cold 
rolled these bronzes show a breaking strain as high as 30 tons 
per sq. In. or even more, with an ahwtie limit of about 20 tons 
per sq. in. ; while the same bronzes, after atiuealing, give a 
breaking strain of 20 tons per sq. in, and an elastic limit of 
about 7 tons per sq. in. 

Eollod phosplior bronze is also used for making boiling vats, 
tanks, stills, and parts of machinery working in liquids, on 
account of its superior resistance to corrosion. 
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At firnt Hight it nppoarH Htrango that those bron/.oH should resist 
corrosion bettor than ordinary bronzes, coimidoring that they are of 
exactly the sanio coinpoHitiou ; but tliu rosistanco to corroHion is due 
to the abscuioo of oxichi in the metal ; for it must bo romouibored 
that Hucjli iinpuriti(^H have a very deeidi'd inlliienee on the rate 
of corrosion. This subject will bo (‘onsidovod at greater length 
iu another chaptcu". 

Rolled p]iospliord)ron/.e dot’s not Hufhu* any seriouH loss of 
strenglih at i.emptu'ai.uniH up to (J., and it is fretpuaitly 

roconinHUMhul for lin^hox plates and stays. 

The following tahh^ pJvt^K sorntt results of U^sts nm.de u}H)n two 
wtdl known brands of rolh'tl phosphor bronze ;~ 


KSainplt'. 

(tifidii inn. 

I iK’iLking Hi O'hh, 
Tunu per iq. in. 

ToiiH isu’mp in. 

Klongalioii 
por cost, 
on. 2 inn. 

1 

Uimnnotih'«l hhtM’fc 


25*1) 

18*5 

o 

it ) > 

an ‘8 

ai‘t 

17*0 

s 

>» M 

A»nH‘)d»‘(l Hll«‘nt 

ni-e 

ai7 

17 5 

4 

no *8 

7*8 

57 '0 

n 

Slumthing plaU 

non 

... 

IH‘7 

n 

I'ltjU 

2S*H 

27*5 

2*5-6 

7 

Ijut’s. I’mOjox piste 
ivmn'ulc»i 

iiu e 

*** 

64*nd 


Satuphw I to *1 art? i>y the Flumplmr Bronze Company, and 
BainpicH 5 to 7 art' Mcdloid,’* by UuHh MeUU and Mellohi 
Company. 

Much dept'iiilH, of ctmvHts <ni the extent of the ndling ; but by 
way t>f (U)njpu.riHon it may bo taken tlmfc the breaking stress of 
cop[)er varit'H fnsu 1*1 tonn per Htp in. in the amujaltKl conditkm 
to ahoul. IH tcaiH pt'r wp in. whttn rolled. 

'As ri'ganls tint ittusilo fttrengt-h tjf rolh'.d phosphor brojize at 
(elevated ttanpt?ratureH» ft^cperiiuents carrietl out on a Mt?lloi(K’ 
holt showt'd that the breaking Htrt‘HH Mi frtua tuns per wp 

in. at tin? normal t4?mpiU‘aturo to 2^*51 tons pt'r sep in. at 315". 
On an annt'aletl bolt cif the hiuuo mab^rial tln' hn;aking strasa Ml 
froiii li)‘22 tons per wp in. at the normal tempomtims to 18’80 
tons per stp in. at 214**; whihi a similar bar of cioppar, twted 
under the same eonditbum, fell from 13*84 to 10*S3 tonaper sq. in. 

Frtsti what has been said of the oonititution of tha ooppor-tia 
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alloja it will be hoou that the rolled phosph(>rd)ron7.0H whieh have 
been })]aoed in 01a«H 2 arc Holid Holutiona, and exhibit a simple 
orystallino structure under the microsoopo. 

The ph(>H{)lior-br()ny:eB of OIhhb 3 diller oouHiderably from 
those of Class 2 and also from thoao of Class 1. Idieir con- 
stitution is Homowiiat complex, hut of considtu'able interest. 
M. Oiiillomin pointed out in a communication to the Commission 
dos Mt'^thodos d^Essai in 1894 that under the microsoopo phosphor- 
bronzes exhibit a structure rosmnbling a fern leaf or fir branch, 
.and that this struoturo is not easily confounded with an ordinary 
hronzo. It is doubtful, however, whether this can bo regarded as 
tliG invariable struoturo of phosphor-bronzes, as sonuitimes the 
structure of ordinary bronzes resemblt^H it very closely. Cuillet 
states that the phospliorus appears to enter into the a solution 
(t.e. the solution of tin in copper containing less than 9 per cent, 
of tin). If the alloys are t^xfuniiUMi under a high uuigniii cation it 
will be soon that this is not the mine, btit. the reasoti of the 
mistake will also bo apparent. It has alrtnuly been shown that 
in bronzes (jontaining more than 9 per oemt. of tin a constituent 
d (SnOuJ Boparateaout on cooling, and that this constitutent is of 
a pale bluish- win to colour. Now, if aii acce^ss of phospliorus is 
present in such an alloy it st^fiaratos out on cooling in the form of 
phosphide of copp(u*, wbic.h has very uoiirly the same colour as the 
SnCu^ constituent, hut slightly darken^ iu shade. Moreover, these 
coustituents occur side by side (in fact, they form a outeefcoid) ; 
and unless seen under a high maguitioation they appear as one 
oonstituont. On acotmnt of the similarity iu colour it is extremely 
difBoult to obtain a photograph, but by usiug a suitablo screen it 
is possible. Photographs 14 and 15 show the forndlko sbruoturo 
referred to by (hiilleinin, and photograph 16 shows the combina- 
tion of SuOu.j and phosphide existing partly as miteetoid. This 
triple eufceotokl of the series ooutaius 81*0 per cent, copper, 14*2 
per cent tin, and 4*8 per cent, phosphorus, with a melting- 
point of 620L The euttustoid of the two compounds is sliown iu 
photograph 18. 

By means of heat tinting, the diflermit oonstituont^ can be readily 
difltinguiBhod ; the phosphide colouring a beautiful blue, while the 
is coloured yellow (photograph 17, and frontispieoob 
ureHonoe of free phosphide of copper in these bronzes 
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accounts for thoir proportion, dilForing as they do from ordinary 
broTizG, and is Hiifliciont to explain their groat value for certain 
purposes. If, for oxaiuph^, a phosphor- broiiTJO is subjected to 
friction, it is obvious that the softer part of the alloy will be worn 
down, leaving tlio hard phosphide in rolief. The alloy thus 
consists of int(3nHoly hard parlbdoH imbedded in a softer matrix, 
HO that not only is the wearing surface largely decreased and the 
friobiou conH(i{|Uontly i'('duo(3d, but the rate of wear is practticinlly 
the rate of wear of tiu) hard body, phosphide of copper. Pliosphor- 
bronze is thoreforo petiuliarly adapted for the uuuuifaoture of 
the wearing parts of nnu'.hluery, such aa bearings and bushes, 
worms and worm wIuhjIh, slide faces, rings, etc., and has 

a much longer life than ordinary bronze. Moreover, as the hard 
particles of phosphide are set in a matrix or cement of a oonipara- 
tively plastie material, the alloys are i\f)t as brittle as might bo 
oxpooted, but are capabh^ of withstanding c.ousiderable shocks, 
and will sullur distortion without bn^akiug. 

The main h^ature, then, of jilujspiuu* bnm/.(3 is its remarkable 
hardness and rosistamu^ to wear; and it would ap]H'ar that for 
parts of machinery subjccjt to wear there is no alhjy to Kurpass it. 
Tlui elle.et of tli(3 addition of [diosphorus to the (jopper-tin alloys 
is worthy of a litl.le attention, (hullet has made a number of 
tests on bronzes, Uu) rcmults of which arc embodied in the 
following tal)le: 


(JoiiijHiMition. 

'I'i'emt' Btrfjigth. 
Tuum per aip in, 

KlfU'lic’ Limit. 
T(i»« f)er 
«q. in. 

Klfingatinn 

ptT C*<‘UL 


Tin. 

I*h«'s»[iluaiU‘. 
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0 
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8 
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on 
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0 la* 
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lun 

;; ‘ft 

88 'hU 
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t'roni tlicse r(‘Hul(H it a[>[jear*4 that tht3 addition fd phosphorim 
Inwtu'H the breaking strcHs (afUa* a first increase due to the 
cliiuinnlittM of oxides) and also the claHtio limit and the elongation. 
After an mhlitiou of 0*47 per emit., huwever, the decn^nse is more 
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gradual. It must bo noted that tb(^ alloys to.sUKl by (*uilli4 (‘.ontaiu 
very appreciable quantities of ziiK*/, a metal which slmiild not bo 
present in the best phosphor-bronze. 

Phosphor-bronzes containing load are used for Ijcarings, 'I'ln^y 
will be considered in the chapter dtuding with antifriction ukM, alw ; 
and it is only necessary to say horo that the load doi'S not alloy 
with the bronze, but separatoH in the form of juiniito globides 
throughout the metal ; while the phoH[)hido of (U>j»[)or sc'pa, rates 
exactly as in the other bronzes. M(*nc(^ a Hurfac^^ of tlu^ alloy 
contains a number of hard particle's (pliospbido) and also a 
number of soft partich^s (load), thus fuKilling, as will bo soon 
later, the nooossary oouditious of a good laniring inolaL 

The phosphor-bronzes most (jonnnonly (auployed (U>ntiun (Ij 
8 to 10 per cent, of tin and 0'5 to 0*7 per cent, of pho.sphorus ; 

(2) 10 to 12 per cent, of tin and ()"7 to 1 per otmt. of phosphorus ; 

(3) 10 to 12 per cent, of tin and 1 to I'b prir cent, of phoHjjluirus, 

The first of these is suitahlo for valves, pinions, pumps, pro- 
pellers, steam and boiler littiugs, t^tc. It is harder and wears 
better than gun-motal. The siicoud alloy is (umsuhu’ably Imnhir 
than the first, and is suitable for w{)rms and worm wluMfis, valvt^s, 
pumps, cylinders, motor gearing, Tlu^ third is an e\(;o])» 

tionally hard alloy without being lu-ittbs and is ('.apabb* of with- 
standing the hardest wear. It is suiiabh^ for worms and W(»rm 
gearing, slide valves, hearings, and all vAm\H in whii’h l\u\ wtwir is 
excessive. For castings the Admiralty sptujify an alloy tMjntainiiig 
copper 90*0, tin 9*7, and phosphorus 0*3 p(^r cent-, 'riiis is 
required to give an vdthuato tensile HtnujgfJi of 17 (.ons per^stp 
in., with an elongation of 15 per (uuit. on 0 iim,, and <o with 
stand bonding over a 2dii. bar until the two sidus an» pariillel 
without any sign of orac.king. 

The following table, giving the results of a large number of 
meohanioal tests on oommeroial phosphor bmnzfM (ngi»lhor svith 
their ohemioal composition, is due to Mr Arnold Philip, Urn 
Admiralty chemist. It reprosentH tljo most tu »uqtli*to Hcrifss of 
tests yet published, and as it oontaiuB a very large amount t>f 
useful information in a small space it is rcprotluccd hert^ in full. 
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Results of ifE^' HANiCAL akd Chemical Tests of Phosphor-Bronze. 
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Most of those alloys ina.y bo (l(>s(*ribo(l as Iriu^ plumpljor bronzcs j 
but there are many others that contain, n.t the most, traces of 
phosphorus, and it is probables that at. t.ht^ prosent tiini^ very 
little bronze of any (lostu’iption is nuido without the addition of 
a HUiall (piautity of phosphonis as a dcoxidisi^r. 


MaiipjancBc bronze. 

As in the cas(^ of phosphor bnuizts th(^ tenu “ man ijjannsa bronzes” 
is applied to alloys of xauy variable {•ompoHition. It may Ix^ 
stated at thes outscU., liownV(‘r, (hat- in tht' {j^nna majority of caH(‘H 
the expression is s<miewhat mish'adiu^X, us the alloys ditUu’ very 
Hlip:htly in composii-ion from the t>nlinary hruHsea It is only in 
ran' cases tliat a- (U»[)per tin ail(\v c-ontainin;,!: rnaujj:amw' is met 
with, Theso usually cotilaiu from I *1 ]jnr (umt. of maupinoHe, 
which is often accompanied by 4 or b per i-ent. of zinc and Homo 
load. (Inillct cites two cascH of alloys tunpluycd for hydraulic 
machinery at high prcHHurcs having tUi' following com]>osititm : • 


I. U. 

Ooppor tej'U HH‘5 

Tin H*a 8-U 

Zinc . h‘0 6*0 

bead ....... B*0 H*t) 

ManganoHei *i‘0 0*t» 


Although smdi alloys are md<loir» umsl they art' not without 
interest, find a passit'g rcfenuiet' may bt* nuult' to Uu‘ itdlmmc.c 
of mangani'Ho on tlnM'i)p))('r tin allny.H. (luillet has submittiMl a 
sorios of allt'yH, containing maugamw' in varying amounts, tt) 
mechanical tc'sfH, wit h 11 m‘ rc.suItH Hhmvn in t bt' faidt': 


(Jompomtinu, 


KluHtb 

Kluuf^iilion 

pi'T 

iHi 4 i»n». 

Ooppor. 

Tin. 

.\bingun« 

.Stmanlh, 
'run;s pt»r 
ill. 

iiimit 
Tuiih poi* 
Mtp in. 

90 -QS 

8 *82 

0 

15 6 

5*9 

23 

90-12 

9‘2U 

TmroM 

17*1 

67 

2H 

87-04 

lOMI 

rar 

tli*il 

6 4 

20 

89 -R« 

H'til 

0‘flV 

lu-l 

6*2 

7*6 

86-87 

8‘7U 

3*10 

7*5 

7*6 

{) 


From these reaults it would apptair that the first eflcct of mangant'st' 
(probably duo to its inlluencc as a deoxidiHcr, much in the wimc way 
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art pliortphorurt) irt l;o give a higlu'.r breaking Htrows and elongation. 
When proHont to the extent of more than tracoH, howiH'or, the alloy 
rapidly boconu^H britth', unloHH /,in<i in preH<uib at tho aanie time. 

The addition of manganerto to e.opper alloy h wan attempted l)y 
Stirling, Parkort, and oUku’h ; but their i^lVortH mot witli littlo 
HiiecGHB until, in IHTd, ParsouH wan granl.t'd a pat<nit (No. 84-2) 
for tlui addition of manganoHO in tlu^ form of h^rro-mangaueHo to 
(U)pp(!r-tin or e-oppiiry/iuc alloyn. 'riu'so alloyn were ntrongor than 
rtimplo l)n)n/.(^K or hraHHOH, but (lithe, ul(,ioH wtT(^ expuricuuuMl iii 
bl)taining houiuI eawt.ingH. I'hoHe wen^ ovtu’t^oim^ by tho addition 
of alumininni, aiul a H(*(u)nd pattuit wuh granUnl in IHHS (No. 
11512) to {U>vtu’ thlrt improv<*mont. It wan tlum found that the 
addition of theme me(4ilH to hraHH gave nmiiltn ho much HUporior 
to thoHo with laouzo that (.ht‘ eopinw tin alloyK W(‘r<i pracitieally 
abandoiH^i. ''riio nanu^ howtnu'r, whh ikvvcu* drop[)ed, and, an 
already ment.ioued, tho alloyn to Ibin day arc( invariably thmcjribed 
art mangaiumti bronv:(‘H, Many of tbt^ lnmt mndiu’n matigantme 
bronzort dillbr but iit>(lo fnati ParntHiH early bron/.OH, m will bi* 
Hooti'^from tlu^ h)llowing auidyaim of two Hamphm, one mad(( in 
181), ‘1 and llu^ other in ihlh: - 



I’ttrHona linmr.t'. 
\Hi}X 

Mcnbrii Hronxft. 

mn. 

OtjniK'r .... 



Tin .... 

l‘ir> 

im 

Iron . . . , 

1 '2(1 

vu 

Ahnainiuin . . , 

0*20 

0’3f» 

tlaugain'Ht' 

D'll 

0'47 

Znw , * . . 

40*a4 

41*66 


Putting a.Hid(' tlu^ ojjpper tin alloyn e.outainiug iuangant‘HU, the 
alloyrt Hold (uiiumereially an mangammo hronyitm may be divided 
into two (5luHH(m : 

1. Alloyn of (uipper and tuanguiumo e,ontaining abniit 4 (,o h 
pt*r cent, of mafigantme. 

2. Alloyn of eojipor ami /.iiu* to wliitdi ferro imuigantme (»r eupr<>» 
manganeH(» eontfiining iron baa lanai addcnl. Tkona alloyn fro- 
(lueuUy contain aluminium and laauotinum tin, but the prmoipal 
couHtituenlH are e<jppm" and */ina. 

The alloyn belonging to the (irnt dnm have a somewhat limited 
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a[)pli(‘ation, thoir principal f(‘aiiiro being tluur Htrciiglh at high 
toiupuraturcH. For thin nmson th(‘,y have luu*u very largely 
adopted, moro especially on Uio Ooutijnuit, for lirobox stays, 

Tho additi<ju of niangancHt^ to c.o[>p(U' does not mati^rially harden 
the copper, but raiscH tlu^ t('iiHih) Htn'iigth, 'rho following 
ngurcH ari^ tho roKidtH oblaiiuul by (biillot for small additions of 
inangaiu'HO : 


Oiu 

Mn* 

'rouHilo HlrengUi, 
Teita pi'r uq. in. 

Klantie biinit. 
TeiiM per H(p in. 

Klteigutieji ]mr 
e»>nt. <iu 4 ina 

IS) Sfi 

C*S'I 

14 ’U 

0‘ii 

45 

life4U 

4*10 

tf2 

7*a 

4‘*». 

ua-iiH 

lUf.U 

17 i 


inuf) 


Thu coniploto Kurica of <’oppi'r mangamiat' alloya ban not ro- 
ooivud nmoh attuuUou, but the alloya uacd {'.ommoniially an> 
Holid HolutiouH of inanganuae in (u»[ip(^r. bhob^graph 21) ahovva 
a Kuotion of a lirobox istay (jontaining b<> ptT ctmt. of eoppiu' and 
4 pur (umt. of inangaiicHu. With than 9 per (amt. of mail” 
gniu^Hi^ tho alloya can ho rolltMl or drawn. 

Tlio iiHo of tlH’.'se alloys for lirtdutx ataya will be (viuMidenul 
in tho lihapUa’ dealing with fclm behaviimr of alloys at high 
tempf'raturea, 

Tiu^ alloya of the aetamd clnaa are tboHO moat commonly 
mot with uiuler tho name of mangaunHe-bronzoH, although th(iy 
would bo moro accurately dt^HcrilMHl an inangnm‘HedjraHH(?H. hVom 
a thooruti(‘al [uunt view they have been little atudied, but it 
is uvidunt from Uio numbm’ of eoii CitucuitH pn^aimt tiial thoir 
constitution muat of a coiiqdex ebnmolor. Many mangammuo 
bronssoH ooutain only tractia of mangancHts and Htune fail bi show 
uvan trauaa on analysiM, In UieHo Uuj manganeHo has proliably 
served its purpose puredy its a dtuixidiKer, but it has left behind it 
the iron with which it was asHtmiaieti, and the; iulltuamo of this 
metal must bo oonHidered, as it oucurH in by no moauH inappru- 
oiablo qnantitioH in nearly all thoHO alloyB. Tho iwUlition of 
alone (that is to say, without tlie simultancHiuH addition 
‘''■'0 copper i^ino alloys has tht» uthmt of ineruasirig the 
th and tho olastio Hriut with a cloonatHe in Mio 
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olongaiiion. TJk^ alloyw mIho hoeomo iiar(i(‘.r and more brittle). 
Aa ri^g'ardH tlioir coimtitid.iou the niaiijj^aiumti (uiUa'H into Holutioii, 
with tho roHult i^hat tlu^ inic.rcjHtriioturo in tho Hanie aa that of 
the copp^^*’ |in)bably aocountrt for tho Htateiueiit 

mado by (bullt‘t that tiu» miiU'OHtrui'tun^ of loangauoHo branmiK 
ia tho Haiiu^ aa that of <*o()por /.ino tUloyn ; but tho (’onunoroial 
varioUoH of tluwo allovH invarialdy c.outaiu iron, UHually in very 
much larger (piantitios (hfut (ho luaujj^atioms atid thoir Htruoturo 
m very dillbnuit from that (tf (hr ordinary bimst^M. Bho(t)|j;niplm 
21 and 22 hIiow tho Htnnd.uro of a forf^rrl man^ouioHi' brom/.o <;on 
taining r>8’f) porctml.. <iopp(’r, .'IS' i prr V.ino, Ml pttreont. iron, 
and 0*02 por ejout. Mani^aiirm^ bronw^s aouUuuing 

upwardH of (10 pur coiit. of copper an^ Hidt-ablu for forging and 
rolling, whilo tlioMo cfud^iirang irna than (U) pnr (sont. of copper 
arc UKod for (‘.aHlaugn ; and both of tbrno variidarn a.n^ luado in 
varimm (inaliti(‘H atuMinling t(» the purpoM^n bu- which tht^y arc 
rofpiirod. Mangaur,Hr bron/cM unif^ddf^ for forging ta* ndllng, 
such ae tlmso inunuraci ured by th«’ MaugauoHc Urou'/.c and 
UriiHH Company, bavo an nltimatii Htnuigth rangitig from 27 tonn 
in tho mild quality lo 3H (ouh in the high quality, Urn chmtic 
limit ranging fnnn lO to 20 (.ouh, and tlu^ chmgatifin fnnn 20 to 
'15 per c.tuil^ If tbo imd^il in (add rolled the ulthnato strength 
c.an bo obtaimal an high an 40 U> ol) Ujuh pur ic|, in. 

Bron/.cH of (.bin domndptiou are imcd for stndit, l)€lLi and nuts, 
pump-rods, ]diiH, ki^yn, 0 ( 4 %, and, in fact, for practioally all 
purpoHUH for whic.U yollow brann or Muntss mc^^tal aro ueocL ft 
can hIho lut (h*awn into tubes which can bo 081 ^ 13 ? bent, (dther 
hot or ('old, and art* much ntrongcr than brass dr copper tuboa. 
On thin acuuiunt, tcjgi'thor with its fnuMlom from corrosion, it is 
largtdy UHod for hydraulic tuli('H under h(*avy proHHuro. 

In the b»nn of [ilatt'H and sluMds it in of value in oasoa whore 
a mtihU in nupurud to withnifind corronion, such m Ktraincr plates, 
fthoathing for yachts, ptimj) vidvuH, tdc. 

Cast manganoso-'brouj'.iS like* tho rolksl variety, i« made in 
difr(‘runt qualiiitm actutrding to ro{|uinnnonts, axid ha« an ultimate 
tonailu strength of from 32 to 3B tons par »q. in,, with iwa 
elastic limit varying from ak>ut 15 to 19 tons per sq. in*, 
and an elongation of about IB to 30 per cent, on 2 ins. 

ft is excoadingly tough, and is used for parts of marine 
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ongitiOH, hydrauHo rams, valv(*H atid cylhulors, olo. Probably its 
moat important applicuit.inn in in i\w niamifactnre of propoHors 
and prupollor bladoa. Ah oojnparori wilii iron or wteel propollers 
it liaa many advaniagoa. It in lightto’, ?uhI t-horoforo the Htrains 
on tlio Hhafting, boarhigH, ot(\, an^ oonHi(l(M‘ably rt'duood. Further, 
it is practically unaUbctod by wca water, ho that the propoller 
bladcH rt^t.aiu tlioir Hinooth surfaco. In tho cam of iron and steel 
the pitting d\ic to tlu^ cornmiou of tlu^ Hca wattu’ catiHtm a falling- 
off in tho speed, and in time ncc<‘Hsitatt'H tlu^ naiowal of the 
propeller. It lias bet>n stattnl tbat tlu^ Hubstitutiou of a 
manganose-bronze ])ropelb‘.r in place of an iroti om\ incu'oases the 
spoctl of a veHHcl by about luUf a knot ft)r the same coal con- 
sumptiou, Monu)ver, tb<^ alloy is capable of being worked cold, 
and in Htwtu’al cam's wbt>ri' the propi^llt'r blatles have luu'u injured 
by accidenlH they have been imautuuuHl into shajm without any 
sign of breaking. 

A tninor, but not altogether utunii[)nrlitnt, couHhhu'aUou is the 
fact that a hroiwu propeller in nlsvays tif valuta hh a eo[>pi'r alloy. 
These advantages more Umn eonipt'iiMaU^ for the extra initial cost 
of a manganese bronze pr<ipeller. 

In the early days of inangant'm^ bronzes propf^lh'rs tmmion was a 
Horions m>ure.e of trtmblts imt it is elaijurd that tlu^ addition of 
alnmt 2 per cent, of niekel to the alloy rmiders it innnuuu from 
this trouble. 

The addition of alunihuum to luanganeHn bnmzt^ gives rise to a 
series of alloys possessing very nunarkable atal \iHeful properties. 
Bronzes of this dcwu'itdrion wer(» f»laeed n[M)u ilie market sevoral 
years ago under the name tif “ Immmlium by tlie Manganese 
Bronze and IlnwH (lompany. 'rhc\y have an ultimate tensile 
strength of 38 tuns per mj, in. iti tim earn* of forgings, and 42 tone 
per sq. in. in the (uise of rolh^d risls, with ati elongation of from 20 
JiO 25 par cant., and are made of diirenmt qualities to suit miuiro- 
meats, The Htruaturc of these alloys is vary similar it) that of 
ordinary matiganesedmur/.e, hut of somewhat finer and closer 
gmin, the aluminium appearing to enter the alloy in the form of a 
solid solution. Photogvaplm 23, 24, 25, au«l 26 show the atructiire 
of two samples of Immadiumdironze. I'ho alloya work perfectly 
and take a very fine polislu They may he ustnl for all purpOHcs 
where strength and toughneHs are reipilred, but their most valuahlo 
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pro^jorliy ifl tlio nnaarkahio roHiHtatuso to the Ju*-tioTi of corroaivo 
liqiiidH whi(5h they poHHc^HH. On Uhh aceomit tlioy have been 
largely iiHod in the inauufaoDire of rodn, valves, and other parla 
of pumps having to deal with acid water. 

Alnmiuiutn-bronze. 

The term ^‘aliinnnium-hron/.e is applied to alloyn of copper 
and aluminium (•ouUuning from 2 to 10 [hu* oonU of aluminium. 
With more tluui 10 per tumt. the alloyn nipidly heeomu brittle, 
and beyond 11 pur cent, they are valuuloHH from an induBtrial 
point of view. 

The lirHt aluminitim hrmr/.c^ wm made by Dr Toroy, and its 
properties studi(*d liy Dtdmayj btit at that time aluminimn was 
a rare and i^xpeuHiviii nmt^il, ho that for many yc'at'H the alloy, 
which was known as ‘Dihunininm gold,’^ wan n^ganled x’ather m a 
ourioHity than a eomnnsreially um^fnl alloy. With l.lm iiiU*odnction 
of electrical inothodH of rodtming aluminium, htjwever, ahimiuium 
bronze be(5ium\ a pratUieal alloy, and wan plaei'd on the market 
by th(^ (lowh^H Huu^lting tlonipany, who manufactured alloys 
c.onlaining from 1| to 11 pc^r tsent. of aluminium, for which they 
olahnod iUi ultimate Umnile Htnnigth ranging from 9 tons per- 
sq. in. in th(^ IJ pcjr ctmt, alloy to 50 Uma per sq, in. in the 
11 per oout. alloy. Simni then the rmmufaoture of aluminium has 
boon much itnprov<*d and the prba lowc^red ; but it is still 
Hufliciently high tr^ pnu'tmt the alloys being more aitensively used. 

The proporti(m of Un^ copper- aluminium alloys have bean 
studied by (huitior, nhakdior, and Ouillat, and, more recently, 
by Carptmt(\r and hkhvards, wlu) have confirmed and extended the 
work of (luillot. The equilil>ntim diagram of the scries is shown 
in hg. 55, Imt, ns alnituly mcntionc»d, we are only ooncornod with 
a small portion td the curve, viz. that of the^ alloys containing loss 
than 11 per cent, of aluftdniuin, as tlu^ (diier alloyH (with the ex- 
ception of a few repnwmtod by a Hinall part of the curve at the 
other end, which will he connidin-i’d lat(U’) an^ of no industrial 
impnrtatice. Ah n^gards the idloyH lying hetwoen thcHO two 
portions of tho (Uirvc tliere is a dehnito compound corresponding 
to the forxnnla CJuAly, whicit h^rms a simple mum of alloys with 
aluminium, havitig a (uU ectic containing 67 par cent, of aluminium, 
Timre is HtUe doubt that a compound corresponding to tlu* 
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fornmla (lu.^Al oxihIh, and, uiu* litUTCHponding to Ou^Al; 

> g ci o c> ci o lait tlioHo c.ompouuclBdo 

: 5 § § N § ^ not fori a Himplo alloys 

’ \~ \\ witlu'oppor. Tliuygivo 

\ \v, riHo to a Kori(>H of Bolid 

\ HolutioiiH of a complex 

— — — ' \ 5 and nuHlahlo ohavaotor. 

\ Alunuuium-liromes 

\ i nmj bo oonviiinontly 

— ■ \ 2 g tlivKlnU into two groups, 

\ vi«. (1) thoK(^ contain- 

. ' . \ ,9* iug from 0 to 7*35 per 

\ ^ (amt, of aluinimum* 

:i \ ^ ' .i; iuul (2) IhoHo ooutaiiiing 

I 'b friuu 7*35 to 10 porccmt 

/ {I Up U) 7*35 jjorcont. the 

’ T,«|w / tt ^ 4 alloyn (‘ouHiHt of a Hingle 

(o J? hoinogoiioouH HoUd Holu- 

V ^ tioii and aro oxtnunoly 

d durtiln (photograpliH 28 
I bi 31) ; whoruaK the 

! / & allojH containing nioro 

' / . « than 7*35 par civnt, con- 

I / ^ (ain a hard, dark-cob 

i ^ 'd, ourod (joimtitmuit which 

I i.s ant'ompaniiHl by an 

/ j iuern^ami iti totmila 

* o Hl.rtuigtb of (ho alloyK 

/.ti - and a d(»(*roaH() in diuo 

^ t.iiitv, 31u’ cnrvcB in 
_ liga. f>7, 5H, and hi) aro 

' I ilfi pit>ttod from Iho roHullH 

tddninod hy Uarpoutor 
VrrrrrrT*. and MdwardH on Hand 

/ ^ I (?HH(.ingH, rolled barn, and 

/ I drawn biira nmixHi" 

^ § (ividy I and ar(» (|uiti‘ in 

accordanoo with what 
would b© expected from the tniovtmcopioal appearance of the alloy h. 
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SPECIAL BllONZES AND BRASSES. 

bvonsues belonging to the first group (le, those containing 
^ '^''3 5 percent, of aluminium) are very similar to high- 
containing 70 per cent, of copper, and can be em- 
naany purposes in place of brass. The alloys can be 
Poarged. and rolled, and can be drawn cold. Unfortunately, 
pirice is a serious drawbrack to their more extended use, 
in special cases; but the alloys containing 2 per cent, of 
txixvc been used in the manufacture of tubes and thc^e 
S per cent, for rods, etc.; while, owing to their 



il g'old colour, they have been largely used for art castings- 
a^p jewellery. 

' of -the difiiculties met with in brass, such as “season 
also common to aluininium-bronKe ^ and it has been 
nixt Lixbes which have received too groat a pinch in the 
: will fracture in the course of a few months in exactly the 
ELy a.s brass tubes. Moreover, on annealing aluminium- 
il:io crystals increase in size, just as in the case of brass, 
'owtlx of crystal- is accompanied by a decrease in the 
3 strength of the alloy and a very marked falling-off in 
d-point. The table on p. 209 gives the results obtained 
jonter and Edwards in the case of four alloys. 
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Alu- 

miiiiiini. 

OondiUoii. 

Yiehb 

point. 

Ultinjate! 

Stress. 

Klaatic 

Katio. 

Elonga- 
tiuii on 

2 in. 

Rifduo- 
tibu of 
Area. 

Por v.mL 

0*10 

Ibitroalnd 

Toim p(^r 
wj, in, 

0*9 

Tiuis p(*r 
eq, in. 
14*50 

0*48 

For cent. 

(55*5 

Pot cent. 

90-71 


Olio hour al 000“ 0, 

r>*() 

14 'll 

0*85 

(15*0 

1)1*00 


,, my' 

Uulrralfid 

5*8 

lit '2(1 

0*44 

5(3 *0 

87*06 

2-00 

ITO 

l!r70 

0*69 

57*25 

86*11 


One hour at; <500“ (X 

(5*9 

18-f>4 

0*37 

(5(5*00 

89*84 


„ mr 0. 

Untjvat.c<l 

n*8 

lll7fi 

0*30 

82*5 

83*60 

r)-70 

11*8 

28'40 

0*42 

74*2 

; 76*98 


Ojn» hour at i500*’ 0, 

9*4 

27-20 

0*33 

77*0 

76*00 


,, 1100® <t 

0*0 

2!!-86 

0*26 

8(5*0 

70*00 

7-85 

iriiiimted 

10*0 

20 '(18 

0*3(5 

72T> 

74*84 


Quo htuir at 900® 0, 

7*1 

28-80 

0*30 

92*0 

72*00 


Jn oxporiiiuniiH tho allnyH wore only hoai(ul for ono liour; Inifc 
a prac/titud ('xatuph^ of Uu) oflVidH of couUniuul lu*atin|L!^ Iihh been 
recorded in tho eaHU a looomotiv(» bolongin^j; to the London and 
NortIi"W(.‘Htorn Ibiihvay ( Company, wlii<di wan litUwl with ahmuniuin- 
bronv:o bnibox ntajH, AfU^ being iti uho for two months, during 
whioli Unn^ tlio huunnotivo had nm only 2*100 miloH, it had to bo 
fcaktai oir the road on aot'oimt of tlui number of fractured 8t^l,ys. 
This (pu'Htiou of the nuuduuncal pn^pertioHof idloys at tempomtures 
aliovc tlui norma! is an t»xcmlingly iutoresting ono, and is de^Ut 
with in more detail in another (jhaptor. 

As reganls thi^ gmuTal heat treatment of those alloys their 
proptjrtioH apju'ju* U) bo little afleotod, whether slowly cooled or 
(pionched. In this rc^Hpeot they diflbr from the alloys of the 
Hocond grotip, (tontaimhig more than 7\15 per cent, of ahuninium, 
'Phe curves in ligH, hO, Bl, arul 62 show the roHiilts obtained by 
(‘arpmitf^r and hklwanis on chill castings and on sand castings 
slowly coohul and cpicmdiod from BOO*' (k 

Tlio alloys belonging to t h(5 stw^ond group are oompoHcd of two 
oonsUtuents, the m*w compencxiit hiding a hard acic\dar nvasH, 
whic,h formerly supposcKi t^) br^ a eub‘ctic (photograph 32) ; but 
when t^xatniued under high powers its struaturocan be easily distin-* 
guished from tliat of a mUtH^tic. Photograph 33 shows thestriatad 
or aoiculat structured of this oonstituont It appears to bo a 
solution of an unstfiblfd character, as it is profoundly altered by heat 

14 
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tnuii nioiit. Uiidcu' prolonp^r'd annoalinij: it j^rndually Iohos its 
Biructui’o and apueara to reach a atahlo couditiuu, Gonse- 



jf^fr mil 


P'la. UO,— Tcniiiltr!VHt4^ ua Caiill 


Fra. 01. -Ton«iIa Teat« an Sttrul (^wtingM i^luwly amjkd fr»»m BOO* 0. 

, the alloya ooataining tha acuiatitmmt ara aormifh^mblj 
'•‘ 'nmtl traatiuout as showu in tha ourvoa. Tho 
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bronzes of this class are still ductile, and have been used for 
propellers, while Carpenter and Edwards claim that they arc 
unsurpassed for the production of castings in tended to witli stand 
high pressure. 

Fig. 63 gives the curve representing the hardness of the series 
of alloys containing aluminium up to 15 per C(uit., as deter mined 
by the Brinell test, and illustrates very plainly the rapid inciu'aso 
in hardness caused by the appearance of the hard constituent. 



Fio. (J2.- Teiiflilo Te‘HtH on Sand Castings, quenched from 800* 0. in Water. 

The melting and casting of aluminimu-hrouze prcHont no great 
diihcuHy, although both ojxu'atinns must be (5arri(Hl out with 
greater care than is necensary in the case of ordinary bronze or 
brass owing to the readiness with which the aluminium biMJomes 
oxidised. TIuj alloys are melhvl in gra-pliite onunljlcs under a 
layer of charcoal and with as little stirring as possihle to prevent 
oxidation. Under these (tondiUons very little alteration in corn- 
position is notii‘eable on remelting. The fact recorded by aev(*ral 
observers that copper and aluminium unite with the prodnrlidu 
of intense heat is due, not so much to the <5omhination of (‘.upper 
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and aluminium, as to tlio coini)innl.i(>n of Uio oxyp:eu ooulaiufid in 
tho ooppor with tho ahnnituum. ^Plu*. heat ovoIvcmI on alloying 
deoxidised eoppor wiUi alumininni is eornparativoly slight 

Alurniniuin-bronzo uiKh'rgoos ooimidorahlt} eontrac^.ioii on cool- 



ing, and allowanae mu^t ha made for thin in caHting the. alhiys, by 
providing largo gatm faul a gtJod bond of tht^ luolL^n luelal. The 
easting should also bo wrritul out at as low a tenijirraturti im 
ptmsiblo. There is no dtnibt that the eontraetiem or ahriukage of 
aluminium brou'/.n, togethm* with itn prononeHH Uj oxidation, liave 
done much to hinder its iwlopiion ftir many purptison f<m whieh it 
might bo osofully ompluycd. The Itwrga risers tiKpiirtul Ui com- 
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|KniHat(» for ih(^ Uu^ of an f^xconH of 

molal and thn produntion of lar‘j;« (pianUtit'H of Horap U» Im m 
mnlU'.d, i,h«‘nd)y miniipc (lu^ oohI of produotiou. 

Ah nv-^ardn iho alinoHt, iijMl.'iutaru'ouK oxidation ut tlm Hurfaca 
of (»hn nioll.tni alloy whrn nxposocl io i\u\ air, ami (ho ditliouKy of 
louipinjL' UuH (»xi<l(' out of thr caMliu^'H, Spt'rry naya : 'l’iu< i^«;ron(oHt 
obsiaolo in thn way of c’.unliiii^ aluminium hrotr/f ia ita i>xi«ia(ton 
whnn rru^Hod. Wlmm’vm* tin* Hurfarc^ cd tim mojti'n iindal in 
(\xp«)Ht*d t;0 Itlm air, a film of oxidn t»f aluminium hirma on it. I'hr 
morn it iH oxpoHfd, Uni f.,>:roah*r Uio amnunl-. 'riua «*\plaiiiH why 
Hn'‘h a lar^u amount t)f dronn formu whrn aluminium hiiur/n in 
bniiiip^tirrocL Wimn jilloworl to rrniuiu af mat in a tuundldo, wry 
lil.llo forum, an Urn Hurfaon (d t.lm mnlal in pro(i*i'(t*ti by (hti ftlni 
alr(‘ady on it. It alno Hlunva why aluminiinu hrou/ti ahoidd 
alwayH ho potirod with an HtUn Htirrinit an poHnihlo. Any a^tonU 
Huoh im Wot Hand, vvhi«ih (lunh lt» a(ir tho nnUal up, pnHluooM 
droHH and tho atmompanyin*.? dirty {nodiimH. ddm nnu’o tpiiotly 
aluminium hrmr/n nan iu» poiiriMh tin* hcttfor tin* ouHtiu|<H. 'Hio 
only nu'tlujd,’^ ho ad*lh‘, ** hy whirh it cati ho oioit in a oominoroia! 
inannor in to pro von t- iln hrunj^ auitHtod whih' tho pouring ia 
taking plaoo, oith(*r by at irring, too high a dr<»p from tho oruoihio 
to tho nmuhl, or hy wot Huinl. Tho moroipnotly it oitn |mur«it 
tin* Htnallor tho ([\iantity (»f dnm (hma which foriiini in miiRIng 
may bo Hkimmotl oil' hut that which forum whib thii pouring b 
takitn*; piatui ont‘t*rH tho canting, Tht> varioun nkim gatoa, |Mn»ririg 
from tlm hof.tom, ob., arc all cfhciuumii, m they Morvo to trap the 
flroHH jtnd provont ib ordratum into tha (^imting.” 

hi adflitiem to tho binary alloyn of ooppcraiul alumhiinm, alloym 
containing a Hinall porcnniiigo of nickel bavo luum plaocai on the 
market, 'riio addition of nickel apfJcarK to givt* harder and 
Htrongor alloyn, hut tln re in very Htth^ avnilablo informatuui m to 
their praotioal imea. 

Aluminium hronv.cH c.ontnining i hi 2 por cent, of Hiliuon have 
alno boon plmuid on tho market umicr varimm trade nauum, Th< 
adflitiun (d ailioon ban the elbot of inercaaing the tcumlb atrtngfeh 
of the alloy, while the fallingmfT in tha alongatlon appmm ^ b# 
very eoimidcrahle. 
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Aluminium-braBS. 

Aluuiituinn-brasH, uh iin name inipUeM, m a brasa eonlamin^r a 
Hinall (jiuuU ily not nxctM'dine: 1 [hu’ cent.— of almninbun. The 
alloyH wore placed on Mus marlud by th(\ OowIoh MUa’trie. vSmelting 
(joiufuiny, toj^elher with an alloy (‘.ontainiiif^ iron in addition to 
alnmininm, which wuh known as Hercukm metal. 'riuw(^ alloys 
art‘. Htill iti urns and n‘fernnee ban already Inmx made In man|i;aneso- 
braHKoH cordainliac ahuniniuin. 

The conslitution of alununium braMH(*M ban hvm Htudi(Ml by 
(biilh‘.t, and hia r(*anltH an^ of eoiiHideralih* int.ert‘st.. Ilia i^xpin’b 
luenta have laam carried ont on the two iiuporlant typea of 
hraHH oontainine: ri‘ap(‘et i vely **10 ami *10 pm* cent, (d 7jino by 
adding ine.ri'aainii; <|uatdi(it'H of aliunininni. lie jindn that the 
Htrue.ture of the allovK ia (lu^ nanu* iw tliat of ilw {'.onnnon 
braHHOH, the aluminium aj>pi^arin}.i; Lj have the nanu' elViM'.t aa 
rJuo, bub to a greatiT degree. Thun an alloy eontainiug ilH 
per oont. of //me. ami 2 per e.ent. of ubiminium ban tlu^ Htnie.iurc 
of a brasH containing 4h per <’ent.. of /.im*. ; and tliin hohin good 
with all the alloyH^ ho that (luillet urgut'H (hat in tbime alloyw 
I per Clint, of aluminium in oquivalimt U) iU juu* cent, of mu\ 

Wil li more, than 1 per <*(^nt. of aluminnuu the allnsa are dillieult 
to work. 

Ahtminium hraaa givi»a exeellimt I’aHtiiigM, and ean he rolled 
and forgeil while hot. It in auitahle for pumpa, valven, [liuiouH, 
etc., and alHo for propcllerH, (bullet Htaten that the alloyH have 
hmxi iiacd in Kramui for (he conHtrne.thm id Hubmarinen, but that 
they have not proved eutirely Hatinfaetory. 

The mechanieal propm*(ieH id neveral of tlio alloyn have 
also been determined by (bullet, and bin reeultn are nhown in 
tbs table (hoc p. 2 1 5). 

A number of alutninium britHHeH, tii Home of which a amaU por 
oontage of iron luw been Julded, an* now on (he market, and their 
proportion are Httnilar to tluimi of the manganeac bntHMeH tti whii’h 
raference has already been mmlo. Tiio addition of iron in of 
iukvreHl, an it allern the Htructuro attd properlii^H of the alloyn to 
Home exlimt. The iron uniUm with a portion of the 7 ino to form 
a dotinitc oompouml which Hcparakw out m amall parlielen or 
crystmk, thus furnung a nuclmm annmd whieh tlm ao called 8 
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ooTiHtituout HolklifioH. I'iuH HtriK’.tnro, wbioh in ilhist.ratiul in 
photograph 2(5, oonha’.s u])oii tho alloy tlio powor of iuoroased 
roHiHtauc.o to wear without matiulally adhotiiig itn wtrungth or 
(luotility. 


Conipositltuu 

'IVuHilo 

Klastir. Limii. 

KtnigiiUon 

(Joppor. 

Zinr. 

Ahnuiniimu 

in l(HiH p(ir Htp in. 

in tuuH pnr nq, in. 

pnr m^nt. 

7n‘{) 


0 0 
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3 0 
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51 
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14 
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47 
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Vanadiiun-Bronze. 

Altlunigh vanadimii’htoir/.o haa ma(l(‘ littlo progre«^ 
('(amtry it appearn havo mot with grwvUw Hir*'''''-'* *■' 
wluTo it ifl said to bo largf^ly used by tb 
naval construction, an well as by private I 
Tlio afieot of vanaditiin upon copper an 
be, like many other dcoxidiHcrs, twofold, *. 
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roinovoH all oxuh% thnraby Koiindnr ca«iingH aiul move 

homogmioonH iniitaL A umall addition of vanadium onabloa pure 
oopjHir to 1)0 oaat with oasi*, and iho duotility ib rathor iucroasod 
than dooroaaud. Tho poaHihility of making intricato oaatings of 
puro ooppor in of tho gnvito.st imporbuu'o in l.lu; (‘Uu^trical induatry, 
and vanadium ia of groat Jissirilama) in tliia ro.spoot, hut it niUHfc 
bo romomborod that an of vanadium ino.roasoH tho oloo.trical 

roBiBtanco of tho {‘opjjor to a Horioun ox(tmt. For othor than 
olootrioal purjjo.soH, howovor, an oxoohh of vanadium iuort^aHtm tho 
strongth of copjau' and oopju'r hIIovh, Sumo ronulia t)l)tainod on 
thoHo alloyH in Amorioa havo lanm giviai by Norrin. IIo nlatoH 
tliat toHtH on a fU) It) branH in whio.h only a traoo of vanadium 
rmnaiuod ahowisd an iniU’oaNt^ in touailo Htrougt h fn)m 17 to 2!i 
touH por atp in. and an inorcxasod (dongation on 2 ina. from 28 
to 45 pur oout. Tontn on two namploH of manganoar brmr/.o aro 
alao givon an followH » 






Onmptmitioii. 



Maugiuiwit^ Hn-fj/t*. 

. 

M lUgHlU'hO* 

Van ifUumdU'onzf. 

Oo]>jmr . . . , . 

6H*Hl 

fi.S’rai 

7am) 

SH OH 

m'oi 

Almiumum .... 

i -.4;’ 

1 ‘4H 


OtU) 

0-4H 

Iron . , . , . 

a‘H4 

1 'OO 

Vauftdium .... 

all 

O’oa 




Uia?»ila Mtouiglh 

24 2 tioi'i 

M!»* 1 luJiH 

Klet^itto limit . 

I't'l) ,, 

2201 

Elongatiaa oti % \xm. 

2U ornt. 

12 |tcM riait, 

Red nation of arw 

IH 

H 


An alloy mmibvr to miuiganoao brou/o but in whi*‘ii tiio man- 
gatioHO in n>[)buual by vanadium m naid to bi' largidy tniod in 
work, anti Ibo following itmtu am givon for tin* f*aHt and 
"*u umtal : < 


SrEOrAL BIiONZE.S AND BEASSES. 


Cold Drawn. 


rod, ^-incli wiro. 


Ultimate touHilo Htnjiiglh 
Klastio limit . . 

Klongation on L! iiuj. 
Koduotiou (d area , 


ill *7 toUH 
1 * 2-1 „ 


•1 1 *1 ilOllH 

nrr 7 


45*0 toim 
36*4 „ 


1 * 2-1 ,, ilf >*7 ,, 80*4 ,, 

112 pnr (‘.out 11-6 ijor (UMit. 12-0 pnr oont 

27 *8 .. 29*8 .. 88*6 


lOxiun-ioiico in tluH country in iuHnUuncut to mialdo any dofinito 
couoluHion to bn Jirrivnd at with n^jL!:ar(l to iho morit of vanadium 
aw oomparnd witlv ol-hnr mntnirt nouunoiily uhimI an additiouB to 
(lopptu- alloyn. 
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CHAPTER X. 


HERMAH SILVER, AHE MISOELLANEOHS COPPER 
ALLOYS. 

(JwuMAK Hilvc^r pviibahly oscintH inulor a f^rfatnr uuiulu^r of iiauvfja 
than any olhur alloy. Nii'Uol nilvor, fu>c«‘ntau, pac*kfon?.(, whito 
coppm*, Hilvuroid, Hilvuritis Nevada nilvor, P(»UiHi hilvcr, Virgium 
Hilvor, and olootrmu are Homo of t,Uo namon wliioh ha?o boon UHed 
to doscribo ifc in thin counlry ; whilo (ju tlio (Jontiuont it. in known 
as vyiUlvchoH (aflor Maillot, who iutriKlmnd it into Krat\oo in 
17111), alfhiiile artf*rt)uh\ and h'up/n\ 'Dm' alloy 

oonHintH of coppi'r, nioknl, and sr.ino, but tho (|U{UititioK vary 
oouHidurably in dillbrout Huinph'H, lioluro tloaling witli tlui 
fconiary alloy it may bo well to brndly {nmMjihtr tho binary alloyw 
of coppor and nitditd, an thoy havo (tti a liinitod oxtont) thoir own 
iudiiMtrial applioatinuH. Unhjrtunatfly, vory liltlo work uppoarn 
to havo l)oan dono in connontion with tat hor Hi^rioH of alh^yn, ami 
the inftjrmation onu(‘orning tinmi in itu'ouiplotc^ and unHatialanl.ory. 

From the fnawitig pt>iut ourvo of tho oopptw niokid aorioH, m 
dotorminod by (biutior, it would Hrann that a oompnund norre' 
Hponding to tho formula (hiNi in hsnuod, whioh in aobihlo in 
oopper and niokel Urn micro atruc'tur*? of tho fillovn «*oidinnH 
tho lew that they are Htdid milutituiH, but dtioa not imlioalo tho 
axlstenoe of a compound. Tim rk tUriral ootid uoiivity of tho 
aeries, howavor, shows a minimum in Uu* alloy ooiitaining 40 par 
oemt. of niokol, wliioh ia not far romovod from tho compoHitiou of 
tho Hup[)OHod oompound ; but, on tho other haml, tho motumro 
t of tlic oUu’.tromotivo foroo of tho nlh^yH faila to indirato 
lUmoo of a r.otnpcumd. 

t from tho alloy mmtaining 50 par uiuit, tif nirkel, whir.h 
‘ilH 
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is as(‘(l in ilio niiumracturo of ({nrniao silvcu’, Uio alloys ji:oo(U’Hlly 
used 0011 1 {till tiiuiiitiUos of niokol not oxoeodiiig 25 per ccuL 
ThoRO JtlloyH, wluMi oxliikit ohaniotormbii} sbruct-un^ of 

(iaicklyH3ooli'<l hoIuI Holul-ioim, hut, ou auiu^alin^, tlio orystahitoH 
undergo gradiuil {ihsorplhni anti jiro roplaoutl by tho regular 
crysta-llino Htruc.turo of siiiijilo luotals and hoinogouooua solid 
solutions. ’^riiis tdiango of sl-riitd-tin* \vi(h }inn(‘.*diug has boon 
oouHidtuuul in some detail in the oaso of the (!op[u‘r zinc alloys 
couUiiuing ilO |hu' omt. of zini*.. 

An alloy (’.onijuuing 25 pnr o.out. of niukol lias hctui largely 
usi‘d as a etiinagi' alloy, Init at. the prosont time there appeuTH 
to bo a ttuuhuioy to substitute, nit'.kel coins for those of the alloy. 
A 25 [)or cent, alloy has also lusui used for locomotive firebox 
pla!i‘H with satisfai^t my rosuU.H ; while an alloy eonbuiiing only 
5 per e.ent. of nickid luis bmui adtjpted by the Hritish (lovennuont 
for tho driving bands of projectiles, ttipptu* eontaiiuiig 2 per 
cent, of nielud lias jtlsu btsui found to givt^ exeelbmt ri^sults for 
loe.oinolive boiliu* tuiu^s. In this e.tmnet‘{ion an iiiKtructive 
(‘Xperinient* was nimle by Mr Webb of t-he London and North- 
Westeru Railway Work.s at (Jrewe. A four wheels coupled 
pasHongtu’ tmgine was fillfsl with 19H jiibi^s by ten flilleront 
inaktwH anti a ns'.ord knpi of l.lu^ (nbevs rcfpiiring rentuvah The 
(irst tube failed after the engiiu^ had run 34,057 miles, and tho 
second tnbt5 (t>f the Hfuue make) afttu’ 40,012 miles. The first 
and only failure of thn make which Htoud best did not ooonr until 
the engine ha.d run l2'h.Sl)5 miles. The failure of the tubes, 
which was dm^ to wear from the insido by the corrosion of 
furnace gasoH an<l abruHion of ehuhu’H, invariably occurred at 
a point within f» ins. of tho findios and at tho bottom of 
tho tube. AnalyseH of all the tulu^H showed that those giving 
the best service contaiiaul about 3 piw cent, of nicktd, and 
excellent ri‘HultH were obtained from those containing not h'Hs 
than OT) pm* cent, of arsenic. Tho use of alloys contsuning 
about 2 per eeut. of nickel fur Itrebox Htays haa already been 
moutioncHl. 

An alloy I’untaiuing th) per cent, of copper and 40 per cent, of 
nickel is known under the name of constantan, and Is used in 
the form of wire for tdectric remistanaes, and also in conjunction 
with a copper wire as a thermoelectric junction Bid table for the 
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TunaHUVonuMit of wlnrh aro wot Huni(ii('iiUy hi^h to 

iioooHHitato tU(\ UH<\ ol a platiuiiiu oouplt*. 

Dwviu^ tho last ftnv yoarM mi tUloy of nioktsl and coppor to 
which the nauui Motn'l luotal lias botai has boon vory 

lari^oly usiKl ia Anii'rira. It is [irodmiod by tho (linsit reduction 
of tlic nickol I’.nppt'r matte obtaiiu'd by Hniclting tho mixed 
aulphiilo ort’s of thrso luoisls ns thrv mnsir in Ontario. Naturally 
tho composition varios vvit^hin i‘nri:un liinits, and mlditioriH may 
also bo made in onh'.r to altor tho morhauif il propnrl.ioK to suit 
r(K|uir(sn«‘ntH. Tim oomjsnation of t-br natural alluy is approxb 
luatoly (>'7 pi'V cent. uirLol, jun* «*rut. i‘oppiM\ 2 to 2 por cout 
iron, toji^otlun’ wii-h Hiuall t|nantitioH of hilioon, oto. 

A samplo of rolhsl um(:d of tluH (suoposil ion a tousile 

Htrougth of Al tons por ap im, with an olaUto limit of 34 tons, 
and 20 per cent, chap'iutinn un 2 ins. 

The alloy casts well if a Hiiilablo <ha>\idisnr ancli as aluminium 
or tnaguosiuiu in used, and it is rapablo of boiH.‘t rollod into rods, 
Bhccds, ct(%, without ditrnailly. it rcHinlH cmTnii.m nmiarkably 
woll, and is In-imc used in America for tiio niamuaci^nre of pro- 
pullmu 1'lu^ IhS. (Jovi'niturnl spinhrM'atiim b»r tim nompoHibion 
of Mu* n]]«jy for I his is: 


M'M 

C'on 


.:S 0 

fmn . 

a *5 

AbuniJiiiiiu . 

0*5 

bsui . 

ail 


This glvi*H a fmisih' Htrru'Oh of 2V tons. wiMi an ola.th* limit of 
17 bmH, aiul an tdougaiiou ul (I par oont. i»u tho oast alloy^ and 
30 tons tt’iisdo, 2<i toiw (dasin*. liuid* himI 4{t pm* ismt. elongation 
on tho rolled Othrr phv.'aral proport it»H |(tven for t)iiH 

alloy ns oast are, Hpoeihe gravity nudt iiig point Idiitr, liardncHH 
(^olcrimcopti!) 22, eletU.rical cciudmUivd.y 4 (taking eopper as H)U), 
and shrmkago | in. per foot. Mon»4 metal is jadd to have lasm 
vmod in (lormany for flndau [dates, Imt informnlion on this point 
m lacking. 

Owing to t.lu' nsnnrkablh rehiMinnee to corrimlmi ahown by the 
nickel eo[>ptvralloN s c.imtainiug high jwn'eeidageH of niekel, nt teinpte 
have naturally luam imwle iw miapi these alloyM to various engineer- 
ing purpoHOH, If, for (‘xamjde, parted the niekel in an alloy similar 
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to Monol moUxX m replaced by tin, the ductility of the alloy is 
lowered, but it ^roat roHiHtauce to oorroHiou, a low 

ooonicieut of friction, and is unafrc(ited by nuxhu’ately high 
toinporaturoH. It in thorciforo a valuable alloy for the cou- 
structiou of suclx partH m the HtxitH and d\HCM of high-proHsuro 
steam valves. An alloy for this purpoH(^ containing a[)prc)xiiuatoly 
54 per cent, of nickel, per c(u»t. of copjx^r, and V\ p(u- oout. 
of tin, known as Plntiiain metal, is dm^ to th<‘ ent{U’[)rme of Mc^surs 
J. Hopkiimon cV Company, who were the lirst to realiso the 
importance of thcHo alloyn. 

The adtlition of //nu^ to the coppe^r iuc‘.k(*l alloys is not attended 
with the formation of <u>m pound h, and the resulting alloyn (the 
Gerniau rIIvcu'h) coimint of a ninghi l»omogiuuu)UH solid solution. 
Photograph showH th(^ stnndun^ of a rolhnl (ionnan silver. 
They may be regardtxl (ul.ln^r as hranw^H containing nickel in 
solution, or as eopjier niedud alloys etjutaining %mo in sohition. 
Th(^y are very dnc.tile, and can he rolhal. hainmc^red, stampfxl, 
and drawn. At tiie Hnnu» tini<‘. they are hard, tough, nt)t (‘asily 
corroded, atid, ahovt^ all, po.HsissH the vahiahh^ j)rfip(U‘ly of ladng 
white. As in tln^ ense of most Holiil solutiouH, the alloys are 
HoftiMiod by annealing. 

The following tshle gives the n’sullH of a number of nnalyaos 
of Cermau silvtu's (culle(d.ed by lliornH) with the names of the 
authorities 




(Jonipoiiitittn ijor umifc. 



Authurity. 






~ 



HivM. 

(Ml tail. 

/duo. 

Iron. 

Tjt'tid. 

1 . I''vl« . 

in 4 

;n *it 


2 fe 4 

2*0 


2 . Frick M . 

.Men 

:iiM 


1 K*H 

... 


8 . (hn’itiur 


vs 'll 


20 ■! 



4 . 

M 0 

vti-n 


22-4 

... 


fi. Kni|»|> . 

MM. 

I’.feH 


22 '0 

... 


« 

•iS'fi 

VA ‘S 


24 *2 


i 2*0 

7 . f linnet . 


VA n 


IK-; , 



8 . Uiu'Uinr 

0 

2 V ‘V. 


IH ‘0 


U 2 

1 ). 


21 ' 4 


2 :m 

... 


10 . 1 lionet . 

Met 

VM'V, 


20 *1 

on 


n, ..... 


2 teS 


20*2 



12 . llonry , 

tlT‘U 

uia 


10 *11 

,4. 

1 *•* 

IS. Lonywt , 

lUJM 

111*1 

i 

17*1 

... 

1 ... 


mm m 


Al.LOYB, 


A N A l iVSKH Dr*' (I KUM A N S r IiVJSU— 


(Jiimjumition per oont. 


AuUioiity, 


Copper. Niekel T^ead, 


14. irAi'cot 

15. IlioniH 
10, HmitU 

17. Krupp 

18. llioriiH 

19. 

20. 

21. riOiiy(d. 

22, Knipp 
28, Hionis 

24 . , , 

25. Kleuer 
20. Ilionm 

27. Ijoriyet. 

28. Itcmhat 
20, IliorriH 

I 80. Krupp 




Thu aaino authority givun thu nomiumitum of tlie various 
qualibioH of (hu’iaan nilvar nuah^ hy Uu* luakorn iu Binoiogbatn, 
fcogoUu'r with tho trarlt^ luuutm uiulor whit'h Uit^y aro koown 


Ct»iupusiti(»u pH' lU'ut 


Extra white metal 
WhlUuueUl . , 

ArgU'4oid . 

IW»L Heat , 

Firats or bent 
Bpwial flrik 
Stiotmdis . . 

Tliirda , * , 

S|>iulal ^irda * 

Fourth» 

Fifthii, for plated gcunle 


npl»fir. 

Nirktd. 

fiO 

00 

54 

21 

4.^ 

Vtii 

fUi 

21 

6cl 

If} 

50 

\7 

riu 

14 

5ri 

12 


n 

55 

10 

57 

7 



Tho hunt of tlit'Ho allt^yn ar«^ Homowhat ucmtly ; uo«l for roost 
mrpOHcm thu quautity of niuktd tluvn uni *ic |Htr ouut, 

Am the roMiilt of a uiuubar of on the relative 
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coinpoaitioti of (ionnun nilvor, llioniB concludes that, for a.lloys 
contniniug kiSH than IG per cent, of nickel the quantity of y,mG 
should bo 30 per cent, in ordor to give the host roHults; while 
with alloys containing more than 16 per cent of nickel the 
quantity of ssinc should be less than 30 per cent. 

As regards the impuritioH fouiul in (kMauan silver, those most 
often mot with are ir(»n, lotul, and tin. Iron forms a solid solution 
witli the alloy, with the result that it iiKjreaHos the strengtli, 
hardness, and elastieity of the alloy, and at tlio same time makes 
it slightly whiter. It follows that, for some purposes the additiou 
of 1 or 2 per tumt. of irorii may bo an advantage. Tin, on the 
other hand, does not enter into solid solution in the alloy, but 
ronnH a cuLudAc which renders tht^ metal brittle and unfit for 
rolling. It also makes the alloy decidcHlly yellow in colour when 
present ovmi in small ([uantif-ies. For ornamental castings, how- 
ever, an alloy containing I or 2 per emit, of l.in is frcipiontly 
used. Ltwul does not alloy with (Jernuiu silviu*, but siqiarates out 
as metallic Ituid, in the same way us alrt'ady deseribi'd in the case 
of brass, n’liis inelal is therefore puri»nM(ily added to the extent 
of 2 or 3 }un' i\vnU wlum the mi^t.id is to be I’ast and subse- 
quently worked, but is not pm-missibh* in nudal that is intended 
for rolling. 'I'ho remarks wiiieh have Ixaui made with regaxxl 
to load in brass apply (M|ually to the case of (knanan silver. 
CJobalt is oeeasioiially found in small (piantiticH, owing to its 
presence in (he nie.kel, and lian sunudimuH been pnrposcdy added j 
but it is an expuimive uud^al, and docs not appear to confer any 
proportieH uptm Mu^ rdloy to justify its prcHouco. 

Gorman silvtir in mnd(' by melting the rnehils in the usual way 
in grapiiite crueihlcM. 'I3m Ht‘parate nudals, however, are not 
molted together ; hut are unt'd in l.lu' form of alloys of copper and 
iiii'.kel and copper anti '/.im*. This uudLod mmwerH the double 
purpose of more rea«lily predu«-iug a laun(ig(niuous alloy and 
loHHOuiug the oxidation of the zinc. Shortly htdore pouring the 
metal a further Hinall tpuiutity of zinc may bt^ addial, to eom- 
liensate for volatilisation and eimure thorough deoxidation of the 
alloy. 

Thu metal ih chhI in ii*on mouldn similar to those used in brass 
casting, but of dillereut nizcH, For ingoln which arc; intended to 
be tolled into sheets the nioulds are from 16 to 18 ins. in lengt h, 
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1 to L} i'L'u^k, aiul rrtmi 'i to o ina. \vi«lf ; wliilt* fur ingots for 
wiro (Irawiiifj; tiic hIzch arc Ironi 4^ to o !t. Imijir, 1| ion. thick, 
and uiH. wi(l(!, ^riio nirLiod of i'HHtiu|.r iarxactly the nanio tis 
in the cn.HO of hraHH ; but Mh' molting pointFof ( hn’inuu nilvor being 
higher than that of bniHH> llu' t‘asting hnn to bi« perfornuul rapidly, 
or the oruoiblo liaa to bo n^t urued \u i\us furnaoi^ to \n\ ri^lieatod, 

From tiuKi to time varinus motalH have Ik'ou added to (Jonuan 
Hiivor for purpo.ses, and a great number <if eoinplex alloyB 

hav(^ been p!it,(’nU‘d ; Imt vtuT few (d Meun nppcair to have mot 
with any HUce(‘HH. ^rhei’o are, howt'ver, a few (txoeptioiiH which 
may bo lutnitioimd. 

Platiiund in a (hwjoau mlvtu' eontaining tungnlen. It couHiatH 
of ()0 por e.ont. eepper, 11 per ta nL mi'knl, tM pm* cent, yaiie-, mid 
1 to 2 per cent, timgMii'n. Thin iilb>y puM »e?iHeH a low electrical 
c.ondiictivity, anti Iihh tlierc'fore litaai Inrgtdy unetl in tlu» manu- 
facture of eloctricul reMiHtanet'H, If Hb-add lu* p»dn(ed out, how 
over, that many HampUn of platimutl fad tu ehtev ttven trucea of 
tungHten cm analyaia, 

(lermnn Bilvern coutainiur rdlver wer*' intviMbjretl lung ago by 
lUiolz, and wtU'O tmeti for m;iking jinudlery. I’be {‘umptwitiuii of 
tlio alloya varicul, Imt Ihev etuilaiuetl from t!U lu .'iO pur etmt. of 
ailver, 2r) to ,'iO ptu* tuml. td nickel, and 25 (n 50 pur mnd.. of 
taippt'r. Similar alhjya, Init euntaintmt Hd\»u‘, have bt'cm UHcd 
for the aulmkliary etnimgc^ of Swit/.erlaud. The pmrenfagti corn- 
poaititm of tlieats allova whh a^ follcnvn 






20 t ‘eiiltmr . 

)*♦ { *uu5 jne"9. 

f« OuiilimeH, 

Silver . 




1 It 

1 

fi 

0oTJ|H*r , 
Hickctl . 

• 

* 


’/t* 

j 

: v!t 1 

1 Ot) 

1 yf» 

2ilnQ , 

* 



10 

i 1 

I Kl 


Scivotfid thmnan mlvoni ecmtiuning tdumimuin have hren 
suggested, the aluminium acting an a deoxids ter An alloy of thin 
dosoription containing 57 per cent, tmpper, 20 per ctmi, nickel, 
20 per cent, igino, and 5 per emit* alundnmm, in largely uned for 
typewriter parts. Magiienium m aontiUine a nm^tl for the mune 
purpose, and an alloy tumiiurdug 75 IN) per cent of copper, 10 
to 26 por cent, of nmkel, and 1 t4i 2 |Mir cent, of magneMium, m said 
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to be largely used in (rornuiny. The high cost of thene alloys, 
however, is a sorioiiH drawback. 

(^ornian silvor can bo readily Roldored, the alloy used for this 
purpose l)oing made uioro fusildo than the German silver by 
having a larger proportion of /Ano. The usual composition of 
Gorman silver solder is : Copper 47 pin* cent., nickel 11 per cent., 
and mio 42 per cent. 

Phosphor-copper. 

Ooppor and phosphorus oombiiKi very readily with the formation 
of a dolinito chemical compound (unTosponding to- the formula 
OU}}P. Tt has a bluinl^gn^y motallio 
lustre, is V(u*y hard, juid brittle enough 
to bo easily nnliKsul to powder. ft 
forms with eopp(U* a simple series of 
alloys with a otiteotio (Jontaining 8*2 
per cunt, of copper and nudting at 
704** 0. Oommeroial phosphor copper 
oo(nirs in two varieties— -one containing 
If) per cent, of phosphorus, whicjh is 
pra(iti(Uilly the oompoiind Cu^P ; and 
the other containing 10 per cent, of 
phosphorus, consisting rsiainly of the 
eutootio. Loth Uumo phosphor coppers 
are exoeedingly britt le ; this is a great 
advantage, m tluAr chief uwi is that of a 
dooxidiser to be adihul to copper and c()}iper alloys. A brittle sub- 
stanco which can be broken into small lumps or powdered, poHsosscs 
obvious advantages wluui exact (puintitics have to bo weighed out 

Phosphor copper is made either by passing the vapour of 
phoH])iu)rUH into molten copper, or ever heated cop])er, or, more 
retuUly, by adding plumphnnis to moll, on cop|)er. An ingimious 
dovi(m for ellectiiig the (uunbiuailon is dcHe.ribed by lliorns and 
illuBtnttuil in (\g. (>4, Phosphorus is phuswl in the 1()W(U’ vesHtd A, 
and the rnolUm copj)er is poured in tfirough the upi’t^^r vassal B. 
Any phosphoniH vapour whicli escapea combination in the lower 
voHsol is caught as It passes tlirougU the molten metal in the 
upper vimstd. 

The usual methml of preparing phosphor»oop()er is by adding 
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|)hoHphorus to moli.nn ooppor, ''Plio oalcc^H of yollow phoHpliorus 
aro iininarHOcl in a Holul.ion <>f (!npp(‘r wulphaio until c-ouiplotoly 
ooalod with copper. ^riu\y aro thou dvicul (•arof\iUy in nawdust, 
and plunged below t lio Hurfaeo of the metal in the cruoiblo by 
lUoauH of a pair of ioiigH. 

Oupro BilicoiL 

HMio alloyH of oopptu* and Hilit'.nn, likt^ l.hoHo of (‘oppor and 
phoHphoruH, ans iiHi'd mainly us diujsidisnrs iti tln^ inanufac-turci of 
copptu' alloys. Loinnu’n’ial ('upnt siliotJii is niudo in tho olootrio 
furiuuM^ and contuins as inurh as fiC) per <uMit. ()f silicon ; but the 
alloys most |,!Ctnierally us«»tl tin not camtain more than db per oont. 
TIu'ho alloys arc^ (^x(ri*nudy britCh*. 

Aoa.ordini^ to (Juillot. Ihr* a.llt>Y.s t'onlulninii: bw tbun 7 eont, 
of siUcon o-otiHist of solid Holntioim ; but boyoud t-liis point, (here ia 
a (uitec.Ue which melts at about S00‘'. 

Lopper containinij: a Hinall «piantity of silitum, not (^Kiuuuliu^ 
0*1 per ncTit., is mnch Hironj.0'i* than pun' csippm*, n.ufl luis Ikhui 
lar|i;cly used hir tht' nuuiufaetnm of toh*««;rHph ;uid Udt'phouc 
wiroH, Fortius purpost* silicon is much better than phtmphtu’UH as 
a hardcniiifij agc'iit for (’oppt'r, the coiiductivit-y t)f (.he win^ beinp; 
oonHidcrubly bijud»(^n 'I'he addition td phosplmru.s to eopp(‘r is 
ac.cotupanicd by a vtU’v marktsl increast' in itsehsU rical resistance. 

Clopisu' (‘(Uitaininu a .Minall ptu‘eenta^(<» of Hilieon luts also been 
HUcccHHfully usi'd iiH a muteibd fi>r llnilsu plates. 

Oupro luauganoEo. 

Hofercum* has already ht'eu made to th«' alloys (»f eopper and 
nuutgatieso in c.onnertion with the muiiufnctun' of mangammie 
hrou?;eH atul hrasst's. d'he (sunmercial alloys contain about dO pur 
cunt, of mangamm* and wum'tinu's from 2 to 4 fH»r c«mt, of iron, 
and they appear kt hi\ luuuoi'emHmH solid solutions of man|,i;aueHc 
in copper. They are principally usctl in the manufacture of the 
BOmllmi manganyi0d)ron’/,0s, in which tin* niatn'aJn'fu' acts partly 
as a deoxidiscr, while any axesens of the nedal is mdiddc in the 
bron'/.c and imparU HtnmgUi anti lumlmma k» it. 

alloys of (}np[Htr and mauKanesa conkiiniuK from 4 to G 
'‘Of. of manganoHu are tntiph^yed hir lircbt>x stays ; but thin 
b<^ the only tisuful application of the alh^ys. 
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Oopper-magnesiiim, 

Of lalo yoarH the alloya of copper atid rnagru?Kiuiu have Lecii 
oxtoiiHivoly UHod as dooxidiHorw in the molting of copper alloys, 
and more })artic,ularly Gorman silver. Magnesium uni ten with 
oxygen with oven gnMitor avidity than aluminium, and any oxcobb 
of tlu> nud.al above that required to rt^luco the oxides in the alloy 
appeai’H to form a solid Nolution with the alloy, without injuring 
or materially anbeting itw proportioH. 

The fnH'/ing [)oint (Uirvo of the Hori(5H, which haH \nm\ detor- 
minod by M. Houdouard, is Hoiiuuvhat complex, and indicatoB the 
exiHtence of thre.(^ dc^tmito couipoundH, csorrespouding to the 
formulm Gu^Mg, GuMg, and OuMg,,. The curve, then, can be 
n^garded as four curv(ss n^prcHcmting n^sp(U’.tivcly — 

1. Tlu^ alloys formi^d betwcMiu eo])pm' and tluj (lomf)ound Guj^Mg, 

li. d’he alloyn fornu^d lu^twcuui the two componnds GuoMg and 
On Mg. 

d. 'riunilloyH Ibrimnl between the two eoiupeunds GuMg and 

OuMgj,, 

4. TIh^ alloys forimul between the eompeiiud GnMg^ and 
magn(‘Hium. 

The mi(U*oseo[)i(nd examination of alloys coidirmH the 
existence of tlu^ thre.e rompounds. As might be expected, almost 
the entires seriim of alloys im) ts.vtrenii'ly brittle. 

Ooppor oxygen. 

Gop])(U' pt)HHeHH(^s the Momowhat nnic|ue property of forming a 
w(dl dt^lined seriem t)f alloys with its ow!i oxide. 'Die alloys n,rt) a 
simpltj mwicH, the (uileetie, which is sliowii in phoU)gra])h hO, con- 
taining per ecmt, of cuproUH oxidt* (GujjO), utpavalent to 

()’31) per eemt. of oxygtm. This behaviour of (5tq)por towards its 
oxide is of conmdt'vable imporhuuu^, and nuist he hikeu iuU>aeco\iut 
when considering tlu' propi*rtieH of Uu^ co]>per alloys. Owing to 
the fact that the oxide Hcquiralt^s in the H|)h(irh^{d and notin Uu^ 
laminated form its iidluenei* on the mtudianicfil prop<‘rti(^H of the 
metal is nilatively Htimll Thus Hamp{' states that O'lh per cent, 
of copper oxide (eijuivident to 13 per cent, of euteetiu) in pure 
cupper does m)t atlect its ductility, and only when !2*2f> per cant, 
of oxide, or 65 per cent, of eutoctits m axeeadetl, dues the metal 
become short. 



228 


ALLOYS. 


The influenoe of impurities on the condition in which oxide 
• exists in copper is- of considcrahle interest. Thus arsenic, which 
is present in nearly all commercial coppers and which forms a 
solid solution with copper, causes the copper oxide particles to 
aggregate or ‘‘ball up ” until the eutectic structure disappears. 
This accounts for the fact that the eutectio structure is never 
detected in commercial coppers, even though they contain con- 
siderable quantities of oxygen. Photograph 63, for example, 
shows the oxide in a firebox copper containing no less than 1 per 
cent, of oxide or the equivalent of 29 per cent, of eutectic. It 
contains, however, 0*4 per cent, of arsenic, and this is quite 
sufficient to completely destroy t]\c characteristic cuteotic atrucfcnro 
and cause the oxide to separate in massive form. Tho way in 
which the oxide particles of the eutectio coalesce is shown in 
photographs 51 and 52, which represent the outeotic mixture to 
which 0*08 per cent, of arsexiio has heen added. 

Copper-arsenic. 

The alloys of copper and arsenic are. of some importance on 
account of the fact that in this country firebox plates and stays 
are made almost exclusively of copper containing arsenic. The 
complete series of alloys have heen investigated by J3ongough apd 
Hill, who have shown that under noi'mal conditions of cooling 
copper forms a solid solution with arsenic up to about 3 per cent., 
while in the case of slow cooling or annealing tho solubility is 
considerably less. It is evident, therefore, that only thoso alloys 
containing very small percentages of arsenic are of any practical 
value, and as a matter of fact the actual peroentago in practice 
rarely exceeds 0*5 per cent. It must bo rorruunborod, liowc^vf^r, 
that the arsenic enters into solution not as inotallio arsenic but as 
arsenide of copper (OugAs), and 1*8 per cent, of arsoThdo (oorre-^ 
sponding to 0*5 per cent, of arsonic) has an appreciable offoot in 
strengthening and stiffening the copper. 

In addition to those already mentioned, a uuuibor of copper 
alloys are now manufactured for use in the preparation of spooial 
hrnnzes and brasses. These include ooppor-vanadimn, containing 
9 per cent, of vanadium ; copper-titanium, containing 10 per 
-‘''tanium; copper-chromium, containing 10 per cent, of 
ind copper-iron, containing 50 per cent, of iron. 
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(UIAPTKR XT. 

WHITE METAL ALLOYS LEAD, TIN, AND ANTIMONY. 


Tuk alloyn of l.lu'so motiilH an' very laiyoly in the 

iuduHtrial world, and art' usnully im*l. wiUi undin* tin? name of 
“ wdiiUMnotald’ 'Pho tenu ia Hp|ilit*d iiuliMrriuuuatcdy to any of 
fcho alloya, whuUn^r (soniiumod of oidy two of t.ht* nu'tidn or all 
tliroo to^athcr ; Imfc, m ouch norio.s »)f allttv.M huo itn «iiKtiuc(. umm, 
ilf will Hiinplify luutUwH tt> doal fir.Ml* wit h tho thn»(* jiohsihh' Horioa 
of binary alloya - vi^. hwbtin, load ant iiimuy, and tin antimony 

-and than with tlu^ tripln alh^ya. 

Alloys of Load and Tin. luoialH dc» not ftaan componndH 

or Holid HolntiouH, l>\tt mix ii\ all |*r«)port ionn, thuH fortnint^ fh‘' 
Hiiuph'Ht st'rii’H of binary alloyn. 'riu' frrf/an^t jMiint (mrv(^ of tlm 
Hurii'H haa already laani rehTrod and it in only nt'OrHHavy to 

r(‘ptwit tliat tlu' enti‘cj ie ennlaim-i 'M per rent, tif lead, and inellN 

at On t‘i(her Kid<* t»f tUia point the alloya r.inndHt. td onuor 

athe?r of ilu^ nii'bilH Hnrroiinderl by tbo ent e'ctin. ‘Tln^ j>orc<mtaf(o 
of tin in tho rant alloyn ran bt* rin^ddy ealinnd.tal by the' appear^ 
anoo of tlio Hurfatm. 'PhoHO rioh in haul poHaean the dull bhunh 

mdtmr ohamatoriHlin nf that tnolul ; while the alloyH ritdi in tin 

havo a whit© Hurfaoe, whiidt iian a yellow .*uipei'ti(‘ial doponit 

of uxido of tin. Tin* alloyn eontaining tnoro than ‘Jfi per (a'ln. of 
lead will leave a mark when drawn aeroNH paptjr. 

The alloyn of load and tin are nwed principally in the usanU” 
faofcnre of HoldevH, toyn and rhenp jewellery, and pewtt*r. 

Soldernan' very variabb* in n»m[H»fdtioii aecotdiiiK b» the qnidity 
of the metal to he Holderod. 'I’Iioho rie,h in tin are, i»f cutu-He, the 
rnoHl val liable, and Die nlloyn are ktmvvn, aceordinn t<> the amount 
of tin they tiontaiu, an ‘‘ common,” “medtmu/’ and bent.” 

’ilH 
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For soldering tin and alloys rich in tin a solder rich in tin m\ist 
be employed ; wluki for load and alloys rich in lead a solder rich 
in load is used. Probably the alloy most commonly omployed is 
that containing dO per cent, of lead and 34 per cent, of tin, or 
two parts load to one of tin. Mtpial parts of load and tin give 
the alloy known as Plumbers’ Solder,” wliilo GO per (unit, tin and 
40 per cent, hvid is known as “Tinsmiths’” or “ Tinmen’s Solder.” 
]j\)r oloctri(jal work an alloy containing 1)5 per cent, of tin is 
largely used. 

The best solders should bt\ made from pure metals and not 
from scrap, as impurititis (^ven in small (piautitios Iiave a pro- 
nounced inllumuie on tlu^ (pudity of the alloys. Both zinc and 
antimony have an injurious elhad., although the latter is somo- 
timim added as it improves the surfac<e appearance of the mental. 
Phosphorus, ou the otlun* hand, may be added in small ([uantitios 
to oUect complote <hu)xi(lat.iou and riaide.r the solder mure fluid. 

The suitability of the alloys of load and tin for soldering is 
dtipendont on the fact that tln^se metals do not form cjomponnds 
or solid solutions, and, in (*.onH(U[u<mee, almost the eutin^ scrios f)f 
alloys is composed cd a met.al and a (uiti‘(;ti(’. mixture ; at tempora- 
turcs lying between the nudting points of tlumo two the alloy is 
only partly solid, or in tln^ pasly condition wliicli onahlcm it to 
he easily applicul in soldering. Tluis, in tin? case of the alloy 
referred to a)K)V(^ (umtaining (16 per cant, of lead, there is a 
range of tciinperatun* of (>()** during which the alloy is in a pasty 
condition. 'I’lui imtoiUlc itself and the alloys in its immediate 
ucighhourhood are not suitahh*. for solders ; but tlu^y solidify 
with an exectulingly bright Hurfatu^, and have been used for 
making imibition jinvels, Homolimim known as Fahlum i)rilliants, 
for stage purpoHCs. ''I'he eu((‘ctie alloy is cast in moulds with 
facets resmubluig tht\ cutting of diamonds. Alloy.s rudi in lead 
arc uh(h 1 for making toys, such as lt‘ad solditu's, otts. These, 
howovtu', contain very litt.h^ tin stddom mon^ than 4 or 
5 per cent. ^ 

The best kriown of th(^ h^ad tin ulhjys is that commonly known 
as pewter. I'hiH alloy is largcdy ustsl, and it.H oomposition varies 
considemhiy. Wlmn inttmdcKi for the mamifactiire of drinking 
vessels it is (issential that the alloy shonld ho rich in tin. 'rhis is 
evident from the consideration of the constitution of these alloys, 
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for thoHO ootifcaininjj; mf)ru than 37 ])t^r oont. of load (that is to say, 
more load than is sulTioiont to form tho inxlt'i'.lio of the sories) will 
contain froo lead in a form roadily c.orrtuhul and dinsolvcd by acid 
liquids. In oi'dur to av(ad risk of h»ad-poLs(nuus'\ thurofore, 
[)o\vbor should contain at hiast 03 ptn* emit, of tin, and in t'rauce 
the law prohibits the nsi^ of pinvtm* e.ouiiuniu|j^ move than 18 per 
e,ont. of load for tlrinkin^ vi'ssels. 

A larjjje quantity of poavtm’ is uM(*ti in (Ju* uriH, Kor tills purpose 
tbe (umqiosition may linalte.n’d to .suit t.ho roqnin'rncntH of the work, 
(lopper in small ipiantitios is a frequent lumstitumit of pewter. It 
produees a hanler alloy, but, if present in more than small quan- 
tities, has an injurious ellee.t upon the eolour of the pewter. 

Load and Antimony. As ini he t‘asr’ of t.lu^ lembtin alloys, thoso 
luetais do not fi>rm eompomnls or Holiil solut.ions, but produce a 
simple Hories of ulloyH with a <m(eetic (’.outiduiuic 13 per cent, of 
antimony and meltitq? at 215 On »mo side lU’ this point the 
alloys ounsist of lead embeildeil in eut»‘e.lie, and, tm tlm other aide, 
antiniouy embedded in eutee.tie.. 3’be useful nlloys of lead and 
antimony arc Homewluib limiltsl ; (hoio eouHistiujjf principally of 
Imul with small amounts of antimony, iutrodm'.t'd us a hardening 
agent, being Urn most iisefui. An alloy, howover, containing 
()7 per cent, of lead and 33 per cent , of aut imony is mu'asionally mot 
with, and is useil in making the ki'ysof wooden wind histnimontB. 
Antifriction metals consisting of lead and aullimmy itre hIIU some- 
timcH found, but those have betui Hnpei>»edetl by the mure i^llicicnt 
triple alloys. 

Letul eontaining atilimtmy up to about 4 per cimt. is largely 
u«wl in the manufaetuni of tlie frnmowork of accumulator platoa, 
as the alloy is st rougin' tlimi pun* linul, less liable to buekln, and 
dumper. Autiinonial lead is also usetl iu tlio maunfHeXure of 
shot and bullets. 

With the addition of small quantilies of other inetals the nlloys 
of lead and antimony are exletufivtdy uhjhI type metfd. The 
OBsentlal rcquiremarvbB of a good type motivl are : (1) that it shall 
glv© good* sharp oastings ; and (2) that it Mlmll be Hulhcitmtly 
strong to witbshind tho nctu*Mssiry wmtr nrul pressure without 
loHing its form. Tho lirst of those requiroiuenlH m fulfilled by 
hiys containing imt more than lb per cent, of antimony, 
' im thu property of tucpatidiug ou luiolmg ; hut they 
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iiro noli strong oriougli to stand hard woar. In order to increas e 
tho wtrc.ngth of tln^so alloys a cortain quantitjoT^niH^M^l, 


vci conipounti (U)rresponamg to the 


mUie soft allov has the 


clT^ct of considerably moroasing tho cm )n ipixjHsrvestron^^^ ofthe 


mass, wit hot 


The coni])o.sii.ton cnuypo-motal vanes (M)tiHi(l(inunyriGai^ 
containing load 50, tin 25, and antimony 25 is said to give tlie 
best resnlts for high-tdass work ; but tho pri(t(» of such an alloy 
is too high on atu'.onut of the tin it e.outains, and a more usual 
composition is approximately load GO, antimony 30, and tin 10 
or ovcm loss. Tlatos for muKic. (mgraving of somowluit similar 
composition aro used abroad, but hi this country tho best 
music printing is dono on ptiwtor plates, 

Modern printing nuudunes anoh as the monotype and linotype 
use an even (dieapto’ alloy, in whitdi tln^ tin is orteii a,H low as 3 per 
cant, and tint lead as higli as 85 per cent. 

Alloys of lead and antimony aro freipumtly used in the com 
stniotiou of pumps riMpurod for dealing with (‘orrosivo li{[uids, 
and, as it is important to know tho stiamgl.h of tlu'sc alloys, 
Prof. (hKKlman has made a numhiM* of vtay (toiuplobo deicnnlna 
fcioiJH. 'riie alloys HohujUal had th(^ folhiwing oompOHitions 


Numbor. 

Anliinojiy. 

brad. 

Tin. 

1 

10 

90 


*i 

in 

87 

■ «4 

n 

15 

85 


•1 

15 


5 


and the teslH wtn*e tmrried out. with the (d>j(udi of deUsrmiuing — 

(1) 'rim tensile st-rtnigi'^* elaslitsty. 

(2) 'I'he coiuprcssivi^ Mt rmgi-h and ehiNrudty, 

(3) d'he iU'UHluag strength. 

(4) 'I'liu bending Htrength. 

(5) The Hiieariug strenglh. 

Tho rcHultH <d tht'st’ li'stH are given in the tables on p. 238. 

Tin and Antimony. These metals give rise to an ('xtnnnely 
iutoroHling luit couHiderably more complex serioH of alloys than 
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tlioHo jusli (joimicloi'od. Tho froozing-point curve, as determined 
by Ueiiulors, iudicatos that tho alloys containing antimony 
up to 10 per cout, consint of tin and a outootic; but beyond 
10 per cotit. tho charactoristic (uibicwil crystals of the compound 
SnSb inako tluar apj)(^aranco, and when 50 por cent, is reached 
the alloy bfujouuvs homogonoouH and consists entirely of this 
coini)oiiud. Witli more than 50 per cent, of antimony noithor a 
eutectic nor a new constitiuent makes its appcavanc(^ ; but the 
(oystals gradually (duing(5 tlioir form and l)ocomo more and more 
like those of antimony. l<ivid(mtly, then, this is a case of a 
coinpomid Ixung isomorpiionH with a pure metal ; and this fact 
acicounts for tho abnormal froozing-pt)int curve, which apparently 
fails to indicate tlu^ existence of a compound. The conductivity 
of tlu^ jilloys (as dt^termined by IVlatthit'sson) and tlu^ oloctromotivo 
force of sului-ion (as dotcu'mhicd by Laurie) also fail to indicate 
tlu^ oxistcnct^ of a (uiinponud for tlu* sanu^ reason, 

Tlui alloys of tin and antiim)uy toget.luu' with small quantities 
of otiuu' nHh.M.lH constitute i.Iu^ cihiss of alloys known under ilie 
nanu*. of Britannia inotal, d'h(‘ following table shows the 
c,oiu]x>sit)i(m <d a immher of theses alloys:— 


All<jy. 


Qiu'i'a'h iiK'tnl 
1 1 

AHkbi'ny ns'lid 

t 9 

Minofor 
(loriiuui mohd 



Till. 
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nioay. 

( 'e|qM r. 

Ziiir. 

Hih- 
imii li. 

Ijf'ttd. 

0 til nr 
Metals. 

(KiiK.) 


6 

1 






m 

0 

2 

* »« 

2 



n 

PO 

7 

8 

... 

... 


. . * 


7 

1*8 



1*8 



Kfrl* 

9 -7 

1*8 

8*0 



« . , 


rt-n 

8*0 



8*0 

8*8 


(Hhtrl) 

PlrS 

1 7*s 

i 1 *5 

... 

... 

... 


{vtini) 

i piril 

! 9*2 

i 0*2 


. . . 


• . . 


1 7*1 

;rii 

0*9 



. . . 


1 sH’rt 

' 7*0 

8 6 

* , . 

r 


. . • 


I He i 

! I'l 

2 

1 

... 

.** 

8 

• * 


1 

u 

2 



1 

* 

tin r< 

• 1 s **2 

a *8 

10 


. . . 

... 

* « 

7v. 

VA 



... 

... 

... 


Hi 

9 

2 

n 

... 



. 

20 

04 

10 

0 

... 

... 

... 


Tin^ pn^Hnnee of copper in Britannia metal produces a harder 
and less ductile alloy, ami has an InjuriouH efreot uj)on the cohmi 
if proHcut in more than small quantities, i^itic and ir<'n :ds(» 





OIIAI'TRU xir, 
ANTIFEIOTIOH ALIOYS. 


In a pcu'looUy fu{juHl(‘(l and ]ul>ri(ui(,(‘(l tljciM* in a tldn 

layer of oil htMwj'eu the; journal and thn h(farin|j^, ho that the 
inotalH nover oouu^ in oonluct, and iho friction, aH ban boon nhown 
by OBboriio Re'.ynoldH, and citborH, ih inoroly that botwe'on a 
Holid and a Ii(|uid, and doju'iidH Hololy upon tho nattiro of the 
lubricant, it fullowH that tho nature of Iho nnd.al of which tho 
bearing Ih conipoHud in inimaitudal ; but HU(‘.h ptu*f(‘t*J, udjuntmont 
m not attained in aettml practice, and tho prtd>lcm proHcnlK 
itHolf of finding a nn‘tal or alloy Hullicieuitly plantio to moidd 
itHolf to tiio nhapo of tlu^ Hliaft, thuH anUunatioaliy rectifying 
iinpurfootioim of udjuHtmont, and at tho aamo time offering a 
tnininuun of fri<'.tion. Tho iiho of load waH firnt BuggOHtod, 
according to Thurnion, by llopkinH; hut tluB inotal is too soft 
and oanily dofornioci, and muui gave [daoo to whito tnotal alloys. 
Apparently the inanufaoluro of tlicjso alloys was not luitiftdy 
satiHfactory, f(»r in 1852 Mr No/ai of tlio (kunpaguio des (dusiniuH 
do for du Nurd Htatoil that tlu'y oould bo used advantageouHly 
with BUiall load and unuitum Hpeed hut that for railroad vehiclog 
they wore not satinfai'lory. Sinct' tho [mhlicatiou of this state" 
inont antifriction luotalH have Intcn greatly improved, and they 
are now very largtdy UHcMh Mr Salomon, the <ddef ongimnu’ of 
tho Ohemins do for do VKhU low Hiated that tho Htali.stioH (ui 
that railway have shown a dee-idi*il a<lvHUtagti in favour of wldto 
metal over hnm/.o ; and Mr rimhal, the ahHiaiant ongineor of tha 
Paris, Lyon, Meiliterraueo Hallway ntcords that white*tti®tal 
hoariugH hocomo heated much leas often than bnmM, the wear 
also being hm 
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Sinou tlio iutnHltu5tiuii of jnohil an immense 

muuher of HC)*cailuil lUilifrief ion havo Iwvu j»hu*etl \ipt>u tlm 

inarknt (mnnt'of ulnrh are given in the tahloH »>u pp. ‘in 
and it Imccmitm a luatter of im|HU*(nn<‘o tti delrriuine what ate the 
CHHeutial clmnwiiTiHUrH of ii goiul lieai'ifjg rnetul uiul to what 
oxluut tbeso autifriethm uu'tiila tlnmi! olmr.u'UiiHtieH, 

In 1820 Rcmuo hIiowiuI that Iho frietjcm bofvvtM'ti two bodies 
under prasHunj inrrt'HHoH prnpnri innately to the prc’mnrt^ until a 
oortahi point in rt'aehi'd, when the rnirfHn'H )«r.dn to rub 

aguiuHt one another, cinnung a nudden inn* ane in th(» entdlicienb 
of frietion and mmHeipuujt heatang <<f iiio bedij-i. 1*hn pn^Hstm^ 
roc[uirtHl tt> pnHluro thm mnhieu iurrenm? tu t!jo frietiMU in greater 
with hani nn'lidn than with m*ft, auth at the mme time, Urn oo 
eilieiout of friction ia ntnaller wdli hard luof il than with Nofteutm. 

The {irnt. oonidomou wearrive at, thou, la tliui i hmriiig metal 
shouhl ha as hard aa pu:. able, flnt thm eou,d»onon aHHumeK a 
porfeetlj luljuHtud hearing in whn h hetvieen the nhuft 

and tho hi»arlttg in perfertly nnih»na a eMudoiMn wlmdi in rarely 
met with, enpeeialiy in the eane of a «haff ^mppMtied by a number 
of bearingH. If eoulHet only tnkt*« place at a few pointa, tho 
reault \vill be Inating uml nutting, 'bhe weeMud re^iiin'ment of 
a good bearing metal, theiifMfe, i« that it min»t be Hullieicmtly 
plastic to adapt itst'lf U) any niiperfeeteoift of adjustment A 
eombination of theae two re |niremeu!a, bardm^ ^s ami phiatieity, 
mil only Im iditaineil by having body colon itiug of aimdl, hard 
parliedea emlieihitHl in a plsmtui nminic ; and ilua result immt 
taiily pnuUmed by allnung a ^oft metal* smdi m lead (»r tin, 
with one or more tuelala which form definite CMm|Hmnd^ ca[>ahla 
of eryntallming out in the ciHduig dhm, m fuel, m the 

atrneture of aulitrietiou idhya ; but much de|a nd i ita will be mu*u 
presently, on the air,e and number of the hud ciy luhi 

For thi ftako of oonveniimce, the hearing inetuls may be divided 
into ftvt group® j— 

I, Alloy IS oontlsilng ^^entially of tin, cnutanotig is-m|amndi'i of 
tin and antimony, and tin ami euppei rio^e bam a very largo 
class. 

U, Alioye ammmUiig CHHentiidly of b ad, or le ad ami tin, cum-’ 
a cmnpoutid of tin luid antnnoni. Tl 4 r.^e alley#* arc 
“'“d on ammni of their low pnee. 



ANTI FRlOTiON ALLOYS. 


24H 


IIT. Alloys oonsisting essoufcially of a solid solution of copper 
and tin (or oo[)})er and zluo), and containing compounds of copper 
and tin, ooppor and phosidiorns, otc. 

lY. Alloys consisting ossontially of a solid solutiou of copper 
and tin (somotinios containing '/anc, nickel, etc.), and containing 
free load. Those constitute an imporlaut class of bearing inetalH. 
Y. Alloys other than thos(\ (h^scriluul above. 

Alloys of G-roiip I.— In all the alloys of tin, (u>ppor, and anti- 



nomy in which the perceufag(t of tin prc|Miudi‘rHti*H, only two 
deduik^ ctinipoundH are forunvl^ viz. a cmuputunl t)f tm and 
antimony, which crynLaUiHcs in well dcfun-tl enbrs and wbisdi in 
the Hume tunnpouml us that hmiui in tin* binary allnyH of tin ami 
antimony. Its omnpi»sition correapondH to the baiuula SnSb, and, 
according to Cihnr[»y, it is less haril luul lew brittla than pum 
antimony. The other comptmnd i« that found in thi binary 
alloys of copper and tin, eryst alli«iug in hard fiMdlei, iiften forming 
stars, and having a cf>m|Kmition airrt^jiotiditig to the fi^rninla 
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SuCUjj. BuUi cumpouudw cm \m bwn un a iHilibhod Huvfauti 

of thn alltjy, but, (‘telling wiUi hydnmhlorio aoid n'lidcrH thorn 
rnonr n}>[>ai‘iud;. Photograph *’if» ilhrstratoa tho Htrtu'turo of a 
typical lu'ariiig iiiotal of (hi.s typt^ 

Chavpy haHoxainiuod twenty alloyH cupper, tin, aiul untiniony, 
Hud his rusultH on (Muujire eive strength of th<‘.s«' alloys, which 
wore rarn(‘(l ont <ni test piei‘eH Ih nun. in hcdehl and 10 H((. niin. 
ttoclional an^a, an* 'dveii in (he follnwing (aide, and arc alao plotted 
in fchu form of a triangular ilintnam (tig. tld). 'the curved Huch 
roprtment the loadn producing a cumpiviiHion of 0*2 nnlliinuUu 
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Alluy« I, 2, 3, 6, B, % and IB broke nt the 
coinpnmi^ion, and Nos. 4, |U, l»h ninl IH de\r|uped inli*rnal crackH 
before a manpreiNHkm of 7*5 inm. wan nmohed. It fnllowa that all 
thottc alloyH urn ton hard, an that the lino MN may be regarded 
m the limit td Urn useftd alh^yn, aial wiihm thin limit the alloy 
''^‘oreHented In* No. 14 of the hvam has the great etmipn*HMive 
s AlhjvH ap[m»5tiniattdy this i‘nm|*uHiticm am imed by 
dlway oompanieH tor mu* bt^aring^. Charpy HUiteH tlmt 
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the best alloys of this group should probably not differ from this 
composition by more than 3 or 4 per cent. 

The method of casting and the rate of cooling of these alloys 
are of the utmost importance, and this subject has been carefully 
studied by Behrens and Baucke, They have shown that the 
hardness of the matrix of the alloy varies with the rate of cooling. 
In a rapidly cooled bearing this portion of the alloy solidifies with 
a greater percentage of copper and antimony, and its hardness 
may reach 2, tin being 1*7 ; while in a slowly cooled sample it 
may be as low as 1*6. 

The size and number of the tin-antirmaiy crystals also depends 
on the rate of cooling of the mass. In slowly cooled samples the 
crystals measure as much as 0*5 mm., while in chilled samples the 
crystals are small and imperfectly formed and can hardly be 
detected. Both these structures are met with in bearings which 
have become heated in service, whereas the structure of bearings 
which have proved satisfactory in service is intermediate between 
these two, the crystals being well formed and numerous, but not 
exceeding 0*25 mm. 

As regards the proper temperature for casting, Behrens and 
Baucke oast three experimental hearings— one with a red-hot core, 
one with a core cooled by running water, and one with a core at 
100“ C. The first of these showed large tin-antimony crystals 
measuring 0'6 mm., and tin-copper crystals measuring 0*2 mm.j 
the second showed the confused structure of a chilled casting ; and 
the third showed small tin-antimony crystals measuring 0*25 mm. 
The three bearings were then submitted to a practical test in the 
following manner. They were turned so as to fit a polished steel 
mandrel 15 mm. in diameter, which was capable of being rotated 
at a speed of 1600 revolutions per minute. The bearings were 
arranged so that the pressure on the blocks could bo varied, 
and the rise in temperature was determined by means of thermo- 
meters fitted into holes in the blocks by soft amalgam. The 
increase in temperature, after running for one minute with 
pressures up to 3 kilograms per sq. cm., was as follows : — 



0-8 kg. 

0 *4 kg. 

0*6 kg. 

1*2 kg. 

8 kg. 

Red-hot core . 

. 0'65 

•1*60 

1*72 

2*62 

4 64 

Cold core 

. 0-60 

0*82 

1*12 

1*60 

8*80 

Core at 100“ 0. 

. 0-64 

0*64 

0*74 

0*76 

1*64 
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At tho mi] of tlio t'xporiimnjt tho chillnl hoariog Hhowod irreg- 
ular grouvoK and Herat cJu'k, atul nlovrly ecjoltal lioariug waa also 
badly aonitehcd and groovtal Tho bonring oaat at 100® C. 
Bhowod tho tin antimony vwhm partly n^vnuUnl and tho matrix 
H\iiTouudiug thc'iu worn away, giving tho iuiproHniou that they 
might ovontually bo luoH(‘m'd ami rt*movo<l from Umir places, 
Kvidontly tlnn acinally ooom'H, for Hohrona and Ihumko Hiihinitted 
tho oil from tht^ hoaringH to a mioTOKOopical oxaiuinatiou and 
found that it omdaiurd Hiuall Bplimdoal bodion like amall drops 
of inurenry, wluu'oaH tho oil fnnn braringH ctudod too slowly or 
too (juirklv oontaiiu'il atmuhir fragnuaitH. Ah tlio. lawdl of those 
obHorvatioiiH Hohnnm and llauoKt* tamoludo that in a prop(trly cast 
boaring tho brittle rods of the tin ct)ppor ooiupound anumished, 
and, actiuK as an abranivo, loosou and rtauid tlio roolaugular tiu- 
antimony uryntalH, the rontilt btnng tluit thi» boariog bucomes 
practi(‘al)y a ball boaring, wuh a rolling friotion taking tho place 
of a Mlhbug frictioii, h\ a lu-ariug which Ima boon cutiltul too 
quickly tho ahHouco of tlio rootaugtilar tin antimony crystals 
provontH tho formation of thono sphm'H’nl pari and in a slowly 
cooled hearing tho largo oryatala are hntkou iusUnul of being 
rounded. 

A study of tlo’ ounsoiH giving nno tfj hoattHl bi^uringH has shown 
tiuit, in addilinn to iho nbvumti o.aoH' uf lack of prupor bdirioation, 
exooHsivc* boating is tmiially oaioaHi by: (1) tlofoigivo crystal" 
Imation, dm» to Mm ootding taking plaoo oiMior too t|uiokly or too 
slowly, usually Um lattor ; (2) the pn^aonoo of tlr<wa or Hcmn in 
tho motel ; and (5) Hogrogation of Mn» m<!t{ds, dim to iiii[>ropor 
mixing or an attempt to alloy the motidn in \woug proportions. 

Alloys of Group II. ' Ikdure doahng with tho triple alloys of 
this group it may bo well to ounsidoi tho Himplo allnys of load and 
antimonyi as they wore formorly exti’nsjvely uhihI antifricUoii 
alloys and tlioir pruportioH have? boon oarotuliy Htudied by 
Oharpy. 

It will bo rornandmred that Itmd and antinit»ny give rise to 
Hunplo alloys without the fonnati«m of any ohotuioal cuiinpouud, 
Tho eutectic oontaiim 87 per omit, of Imul ami 13 per cent, of 
antimony, and on oitlmr Hide of tho outooUo the alloys com 

»mt of a Bingle met4th leml in the one otoo ami antnmmyiu tho 
other, surrounded by the eutectic. 
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Cliarpy liaa dotorminod the comprcHBivc atreiigfch of thoso alloys, 
and his detc^rininatioiiB of tho loads corrospondiiig to a pormauont 
Hob of 0*2 nun. and 7*5 iinu. in blui ca.so of pure load, puro 
antimony, and sovon alloys containing Irom 10 to GO por cent, 
of antimony, arc given in tln^ following table : — 


{ )()tn])UHi(.iuu of 
Alloy. 

lioad c.orrr.sptMitb 
ingi.tnL PonnaiifUl. 

bond (uu'i’cHpoud- 
ing l,(Mi PcUMiwuMUd 

Uannuka. 

Hrii ol’ 0‘2 miu. 

S(d. nf 7*0 linn. 



Kilogl'HUUH. 

Kilogratii.H. 


Puro lead . 

iou 

r.ou 


10% mil iimmy , 

fItO 

ISOO 


17-0% 

:i0 

t;:.o 

1 \r>o 


7(10 


Hmlceat 1 *Jfi0 kgn. 

;jo 

770 


MOO,, 

nn 

sou 


1 .. l‘h)0 ,, 

r»o 

oto 

j 

M76 ,, 

so 

10(10 


1700 

L’uro aiiUmony . 

... 


lU-nlo'ul. biriOkg.M,' 




wii liMutaiiy aj>- 




pn't'iabln (‘nin 




projiiiion. 1 


It will b(^ noti(M‘il Miafc tho c<impn*.ssivo Htrength iacn'aHos with 
tho iiuu’oaHo of antimony until tho tmtoctio m remolimL On 
psiHsing tliis point, howanmr, thtu*(« in (Uily u slight incmiHO in tho 
(uunprt'HHivo ntrungth, dim, an (’harpy pointn out, to the fact tlmt 
tlia antimony gmins uru isnlatud and nmndy tram^niit tho haul to 
tho oulootio in wliich they are mnh{Kldc*d. Hut when the an! imouy 
grains hocomo Hullicimitly uunuTouH to (‘onm in commit with t>iio 
another they hear a portion of the loud uml the alloy beconuw 
brittle, the britthMums inerruning m the proportion of the plant ie 
eutectic deerearoH. 

In the alloys efunposed of leml, tin, ami anliuomy the (uily 
compound f{»rmi‘d is tliat of tin uiel antimony. 'I'hm etuupomul 
is the Hiune as tiuit which oeeura in the tin eopp»‘r iintimnuy 
alloys, and it forum solid hojuthmH with antimony. 

Tim resultHof comprcHHive tentHun ten of tlmna alloys ara ahtiwn 
in the following iahlt', ami I he mirvtm aorresjamduig to Itmdi of 
600, ThO, inou, and I2b0 kilogruim are plotted in the triangular 
diagram (tig. Gd). Alloys poaHesBing a grant4jr comproHstve 
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BiroTigth than 1250 kilograum mm\ liritUo, and Nos. 7, 8, and 9 of 
tho HorioB tostad woro bmlly tTaokod. 

Ttn. 



Antiinnuy iina'cniHOH i ho hardm^HK nf tliO alltiya, and aiinultl not 
oxcci'd IH |u^r nout, if lUv Hllnva aro not n* Im briulo. 
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Charpy H(.aUm that tbo allf»yH of Iriul, tin, and luitiinuny are 
to tlnau) of It*ad anti anlirntiny ; but, t»wing U) tl»n wdubility 
HHuiund SnSb in tlus antimany, tlm iiddiutm (sf tin 
) ImnluoHa and britUtiuo^ of tho hard gniiiia and 
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I 

/ also increases the compressive strength of the eutectic alloy. For 

f these reasons the alloys of lead, tin, and antimony are superior to 

j those of lead and antimony alone. The tin must be present to 

' the extent of more than 10 per cent., but not necessarily more 

than 20 per cent., and the antimony may vary between 10 and 18 
„ per cent. 

^ The alloys of this group frequently give results equal if not 

superior to those obtained with genuine Babbitt metal, but 
troubles are occasionally encountered ; and in an interesting paper 
read before the American Society of Testing Materials, Lynch 
gives an account of a valuable research carried out in the works 
of the Westinghouse Jiilectrio and Manufacturing Company with 
the object of ascertaining the reason of the lack of uniformity in 
results occasionally shown by the lead alloys. 

Mechanical tests, Brinell tests, and a large number of friction 
tests, both in the laboratory and in service, were made without 
throwing any light on the subjoct. Finally, however, it was 
found that a haniinor tost gave the most reliable indications of 
:: the behaviour of the alloys in service, A drop-hammer was 

devised, and the tost samples were prepared by casting the metal 
in a mould giving castings ins. in diameter and in. thick, 
which wore then turned to 1 in. in diameter and J in. thick. 
The test sample was suhjeotod to ropoatod blows under the drop- 
hammer, measuromonts of the thickness being taken at frequent 
intervals. The results showed that alloys of the same composition 
might prove either hard and brittle, soft and brittle, soft and 
plastic, or hard and tough according to the temperatures to which 
they had been heated and at which they had been poured. 
The conclusion drawn from the results of a large number of tests 
was that the lead alloys were far more susooptiblo to the influence 
of pouring temperature than tho tin alloys, and that the range of 
temperature nocossary to give tho best i-osults was relatively 
small. For the particular alloy tested a temperature of 4.50“ to 
470“ was found to givo tho host results. 

Alloys of G-roup III, — Although tlicse alloys are, strictly speak- 
ing, not antifriction alloys, they are largely used for bearings 
and other parts of maohinory subject to frictional wear. Their 
constitution has already boon considered, and it is only necessary 
to repeat that in tho case of the copper-tin alloys containing more 


i1 
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than 9 por oorit. of tin tho hard oc»niptnnuI Sn(hi^ nnparatos out; 
while in th(» orho oF the allnjn ntjulainin|>( phonphorua, a hard 
(jompouiid Ht^parali'H <mt and iurma a outootio with the 

SnOuj,, it ia ovi<l(‘nt- lhat thcHr alloyn pna.soHH mnoli the aame 
foatunsH aa the otiuu’ aiilifricliou allnya, viz. particlj'H cd a hard 
compound onduulfh'd in a Huflov uudrix. In Urn cujpppr-tiu alloya, 
however, tlu? matrix ia a wditl Holutinn nf (in in ooppm* and ia 
very mucli hardm' than tlu' tin anti Injul allnyH, and i( hillowa that 
the plaHtioi ty of (htw’.opptn* allnys in vory intVrior t(» that of the 
true antifriot.iou ailoyH. 

Oharpy jj;iveH tlu^ follnwinj^ roHultH of vnmproHHum Uwk on mnne 
of the ooppor tin alloyn, t<a^i\thor with (lonr aualvHOH. A com- 
proHHion of 7*5 nun., as in the Imin tho ot-hor ailoyH already 
ipioiod, WHH ni>t praiMieahh' on neeonnt of (ho ^riviltu' hardnena of 
tluuiIloyH ; but (M)inp?iratiYtM*eHtdts wiu'o Mblaitiietl hy uioaHiiring 
the oomprtJHHiun produtsal hy a h»:id nf kihafraniH. 




Oompohition. 



Lik;al 


Ken t.f 
Alloy. 

(Ju. 

an. 

ria 

HI.. 


/.n. 

'Uilisig t.t» a 

1 Mini VfiiiniMjt 

of 0*2 imn, 

pniiluotnl liy 
a liOHii uf 
5000 kgj). 

1 

8ie.it 


Of; 

0 rt 

M III, 

H’ U : 

n 

101*5 

87 

2 ' 

8SMi 

10 *82 

O'llt 

oi:! 

. U-2V!8 

, 0*40 

2 urn 

a-i 

5 

8878 

1 1 *20 

oil 

II-KI 

n*n 

i M7 


8 "i 

4 

8570 

12'10 

0*51 

mpi 

0*885 

1 0 ^^4 

8eoa 

*i*ri 

6 

81 ’88 

18*41 

0*8H 

O' 18 

0‘4il ; 

i 0'5u 

8100 

2*1 

(J 

84*80 

M'fiO 

0*10 

0*10 

tevUi 

1 it hi) 


i*y 

7 

BU*lU> 

1 

H)*18 

e-tU 

O’tu 

{eH8 ' 


: M100 

V4 


Alloys of ttvonp IV. Ailnya ol ooppor and tin ooutaming 
relatively large quant itien of it^ad hn\e r**.’i*ntly bertj largely 
UHod aH antifrietion metalH, and are fieqnrnil^ knoun tin plaHic 
(ytvm&M, The lead, vvhii’h may leacdi ipi mm'h an di) per cent,, 
does not alloy with the cojipu*, hut aeparatea nut in tin* fnnii 
of globules, which ought, if fhi^ tillny in pmpeily ndxi*d aiicl 
oast, to be uniformly diMtrihnti«i thrunglnnit the uirnh of 
the alloy. The (uiuHtitulion of them* idhiya diflhrM Hnmewhiit, 
other aulifrintion alloyn^ fe*r, instead of Imrd parlii-leH eite 
’d io a Hoft niat-rix, we have mift parlicdeH eudaMlded in a 
ilv hanl uiatrU. *rhe iMldition «if hmd int‘reaf«‘H the 
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plasticity of the bronze, as is shown by Oharj)y’H coniprossion 
tests given below - 




GompnflUujn. 



Load corro' 

Oomproasii)!! 

No, of 







Hpondiiig to tt 
('oinpni.ssiou 
of 0*2 luiu. 

produced by 

Alloy. 

Oa. 

Hn. 

I’b. 

Hh. 


Zn, 

a lioud uf 
5000 kgs. 








Kilograms. 

MilliiuctrcH. 

1 

8s*ar» 

8*00 

8-44 

0*10 

... 

0*10 

1500 

4*8 

2 

80T»r. 

2‘2;» 

10*80 

2*07 

0-21 

0*00 

1500 

4*8 

S 

84 '70 

10*05 

! 4*00 

0*14 

o*n 

0'4« 

2000 

8*2 

4 

82*81) 

a *08 

1 7*27 

0‘U 

0*80 

1 

0*10 

2700 

2*4 


lu addiliioii l.o the ordinary huuLbrouzem there ar<j the bronzes 
conl-aiuing phoHjdionis aiul i hoHJi containing niolcol. Tlie. addit inn 
of ph()H[>lioruH inlroduei'H th(' hanl compmmd (hi,,P, and, althongh 
comparative data, are latdung, it He.enis })rnbubl(\ tiud. the pri*s<‘ne.e 
of this eonstii-nent has an important inlhuauu} on the propert ies of 
th(\ bronze. 

Photograph VJ shows a plu>sphf)r-bronze cnnt.nining leail, 
nnet( 3 lnul. hard o(anponndH SntJu., and PCa^j can be dis- 

tin(‘.tly H(uai standing in relit^f, bnt most of the load has been 
torn out in tiu' pro(a«sH of polishing, h‘aving pita which appear as 
hlaek dots in the photograph. 

The addition of ji Hinall tpnuitity of nickel is stiid to tmahle 
a largin’ aunnint- of h'iul to he adthni to the hrt»nze wit.lnmt 
oausing st'gregation. I'lit'se bronzes ar(^ now largely tised in 
Amerioii, and e^ont^dn as mueli as .*U) pen* cent, of l(*ad and 1 per 
cent, of niektd, ^Phn part, played by the nickel has not btum 
fully explained. 

In ndtlition to tlu' alloys already dealt with, there ate certain 
alleys <tf zinc, tut* luul atitimouy, which are used hit special 
p\n't)oHeH, and also alloys of lead* etjpper, and antimtmy, wlvich 
are oeeaHionally <anployed us antifrielifsi m«‘tals. d’he alloys of 
zinc, tin, and antinumy posHCHS a high cnmprt‘Hmve strength* as 
shown by (-harpy’s flgur4'H givmi in tht^ table (p. 252), and they art 
employed for bearings of inaeluuery, such ®a rook-breakem, 
where strength is <if more nnpurtfuica than perfect antifrietional 
qualities. 
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No of 


Coni push iru, 

I iinl” 

Lii;id aorrnHpdiid- 

Alloy. 

— ' — 

Atdiniony, 

Tin. 

ing fo a ( Juju po-s 
imm of 0*2 mm. 
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«um of 7*6 turn. 


Ziijc.. 





Kilupi.iuM. 
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1 

ion 

... 

... 
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42Q0 

2 

no 

in 


24 M» 

Hrokc at; 5000 

3 

m 

20 


:moo 

,, 4001) 

4 

7<' 

liO 


4100 

M 4700 

5 

1)0 

[. 

!) 

1100 

1 8050 

(1 

80 ! 

10 

10 

IJlftO 

! 4150 

7 

70 

li. 

lit 

IHro 

! 52,00 

H 

80 

It 

U 

MIM) 

8550 

a 

70 

V 0 

22 

122^ 

8500 

in 

fiO 

10 

80 . 

12(0 

8:;50 

11 

1 1)0 

• ** 

10 j 

1 70r 

8050 

12 

80 

• 

2.0 

Him 

27v!f. 

la 

70 


80 i 

; Hto 

2500 

u 

60 

... 

40 : 

f 0/4» 

2175 








aticl tin not nnito t»> form iloftnitt' rtunpoiuKlH, but 
unv, and anUiuou)' oomlntu' U) fnrm u havd I’nmpniuul, which 
(iharpy deHcrilu'H hk an uulituoutd*’ of /tnc. 

^riio iiKcdnl alloyn aro (.Iioho rifh in 7iii(% in whirh f.hn hard 
<u)ni|)t)und ih tJm iirnt to 

'(’he alloyM of lead, and antinmny hav(\ (dmrac.torlHl.icR 

aiinilar to t.hn other aid il’riet Itm a!!«»vr^‘, 'riie ro[ipiir unitcH with 
the antimony to form (hr hard violri <-ulourrd roinpound Hhfhijj, 
ptu’t of which (‘ryHlallinrH in maallrc and (In' rtniuiindcr entem 
into thr* compoHition of the indrrliia 'I*ho alloyM should coulHin 
from If) U) 25 pm* (a*nt. of antimony nml not morn than 10 per 
oont. of coppt^r. The rcHultM i)( nomn lanuprcHHivo (chIh on tluwc 
altoya arc ^dvi^n hy way of <’oinpntia(»u fp. 25d). 

Alloys of alnmlninm have fniiu tlmr in time boon miggosti'd 
for vise w bearing molnln, and it in mvid that the Northern Hailway 
of B’mnoi uses an alloy of 92 pe^r cent, ahiminium and H pm* ctml. 
ooppor for oarnage and waggon hraringa with ir'crcllcid rcRiilta, 
Huglioa, however, that taperiturndw with this alloy carritKl 

out. on the lauimmluro and Vorkaldrc Had way have not pnivcd 
Hatiafactory, the motid proving hai*d and hritUf% and connidcnihle 
labour being involvrNil in projicrly bedding the bmrlnga U> the 
journalfl* 


11 


ANTIFRICTION ALLOYS, 253 


No. of 


Composition, 

Load correspond- 
ing to a Compre.s- 
sion of 0 *2 mm. 

Load correapond- 
inp? to a Compres- 
sion of 7 ‘5 mm. 

Alloy. 

Lead. 

Copper. 

Antimony. 

1 

00-6 


83-4 

Kilograms. 

760 

Kilograms. 

1260 

2 

06-G 

12-9 

20 ’6 

1120 

1326 

3 

oa-G 

23-2 

10*2 

350 

850 

4 

80 

7 '76 

12-26 

780 

1626 

6 

80 

18-9 

G'l 

200 

800 

G 

80 


20 

640 

1400 

7 

00 

8-8 

G’2 

440 

1326 

8 

90 

0*9 1 

8-1 

190 i 

800 

9 

90 


10 

640 i 

1400 

10 

100 


... 

80 1 

660 


Alumioiiim to the extent of 5 per cent, is sometimes added to 
the zino alloys and adds considerably to their hardness. 

As regards the relative merits of white-nietal and bronze 
bearings it is frequently stated that white metal is superior, and 
some writers have brought forward experimental evidence to 
prove their statements. 

Charpy says that bronzos appear to be inferior to white metals 
on account of their lack of plasticity and their tendency to 
cutting ; and in connection with railway axle bearings the same 
opinion has been expressed, as already mentioned, by Mr Salomon 
and Mr Ohabal. On the other hand, Mr Clamer states that 
railway enginoors only recognise two alloys as standard, viz. 
phosphor-bronze containing load, and ordinary bronze containing 
load. General comparisons are always dangerous and frequently 
misleading, and the truth of the matter would seem to be that 
white metals and bronzes each have thoir particular uses for 
which they arc best adapted. In cases where accuracy of 
adjustment is iinpossildo, as in the case of a long shaft requiring 
several bearings, or whore variable forces come into |)lay with a 
tendency to irregular wear, as in the case of railway bearings, 
the plasticity of white metal is an invaluable property. On the 
other hand, whore accuracy of adjustment is possible and the 
rotary motion regular, plasticity is of secondary importance, and 
bronzes give results in practice which leave nothing to be desired. 
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Alloys or Copi‘Er and Tin containing Zinc, Phobphoiixjs, etc. 



Oompositioji. 


Roferencos and Roiuarks. 

Copper. 

Tin. 

Zinc. 

P. 

As, 

86 

14 




Tliiir.4ton. Locomoi.ive bGarhig.s. 
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82 
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... 


Used by Froncli state railroads for pieces sub- 
jootod to altornating Motion. 
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Used by Trench state railroads for pioce.s .sub- 
jootod to circular Motion. 
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( Uuirpy. Phosphor-bronze. 
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Law. Phosphov-bronzo, 


Bh.ON;^]OH (X)NTAINING liMAI). 



Goiuposition. 
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Dudley’s “standard ” phosphor-bronze. 
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Ordniary axle- box bearings, Lancaslure and 
Yorkshire Railway. 

82-8 
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7*2 
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Charpy. 
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Carhon-bronzi^ analysed by Dudley. 
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... 

H. nndal. C-ar bearings of the Pennsylvania 
railroad. 
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1 . . 

O'H 
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Dudley. ArHeiiic-bronze B. 

797 

10*0 

9*6 

... 

0*8 

... 

M L* . 

64 

5 

80 

... 


1 

Xdastic bronze used on many railways for 
heavy bearings. 
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CHAPTER XHL 
ALXJMINItTM ALLOYS. 

With iniii'odur.Uon of olo.<‘.(>rical niuMiodBof r(Hluoiu^ ahinunium, 
and till) i)()iiHO(|m‘nt produotion of tho inolal in (luaiii.itii'H and at 
a pri(‘o Budloiontly low to liriujj; it wit.Uio the Kjihoro of praotieal 
utility, attontion was diroctod to tho alloys of aluriiiiduiu with (lio 
objoot of (iiidiug light, alloys whiidi would bo Htrougor and luoro 
easily worked than tlin pure nu'tal, Thoso attonpitH, howovor, 
have not mot with very marked HueensH, and few of tho light, 
aluminium alloys have provoil of any industrial value. Tho 
roasou of this is to be fountl in the faet that aluminium unities 
witli most of tho common inolals to form definite ohoniical eom- 
poiuids which orystallise out in a matrix of praotiiwUly pure 
aluminium, and we know that alloys with oonglamerate atruntAircH 
of this dosoription are only UHcful in spooial oases, Huch corn- 
ponnds are formed with iron, copper, niokel, antimony, inangancHe, 
and tin. Zinc, on the other hand, forms solid solutioiiH with 
aluminium, and the alloys of these metals, either alone or more 
often with small miditions of other metalH such as copper or 
magnesium, are practically the only ones of industrial im]H>rkvnea. 

Alloys of Aluminium and Zinc. dMie couBt.itution of these 
alloys has hnen stutlied by Hey cock and Ni'villo, Sht'plu'rd, and 
more recently by lUmenhaiu anti /Vrchhutt, whene tupulihrium 
diagnun for the oompleto stn*ieH of alloys is rt^prtMiueml in fig. tw. 
Tho mioroHcopical oxamination of the alloys conlirniH the ovidcuoe 
of tho etpiilibrium diagram that at one end of the series thealloyt 
containing leas than 40 per cent, of j&ino are single homogenaous 
solid solutions, atid they arc therefore the only onat of practical 
importance. Those containing up to 15 per cent, of iino are goft 
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peroontage of zinc, together with small quantities of tin and 
copper. It is lighter than Ziskon, having a spcoiflo gravity of 
2’95, but has a tousilo strength less than half that of Ziskon, 


Elonhutton K) 
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l''i(L OH. — Ttumile on Hand l-aHliugH. 

viz, r> tons per sq. in. horhud. m^nuv threads can Ixi cut uu 
the alloy, and it is used in parts of iustrminmts where a (•.(‘rtain 
amount of dmddlity rather than strongth is desirable. 

^riio mcMdianicitl properties of the pure aluminiunuziuc alloys 
have boon investigatod atsoino Imigth hy Homndiain and Arclibiitt, 
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and the rcHults of tlndr tensile are given in the accompanying 
curves, Fig. 68 gives the niHulla of ieiiHilo testa on sand castingH, 
and Hg. 69 the oorresponding tests on chill cfistiiigs. Fig. 70 
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atmounts for a largo proportion of tlm total (uitput. K(ir Huh 
pur|>oii 0 tho pi^nirnUigo of ??Jno Hohlom o\t'orda ili) pt^r ntml., and by 
far tha larga^fc tpmntity nf oaHtingw mado ountnin about 10 per 
cant, of gjino. A urnall ipuintity 2 or pttr c'ont. of m)ppar is 
\i8aally added, an it hnproveH the working tpuditioM td the motal 
A oounnon mixture for gear cmnoH, ett*., of mcjU)rH ejmtaiim approxi- 
— -Mqly hh per neiit, of aluminium, 10 per <*ent td ‘/Jne, and 2 per 
(lappur, and Iuim a touHiUi atrtmgth of B W 10 tons per 
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The alloyH of alnininium and zinc exhibit the phenomenon, 
common to moat of tlH3 aluuiinimn alloys, of ageing. Although 
miioli loHS marked tlian in many of the allo^^s, it is, however, 
noticeable that wIuuhmih a fronli (uiBting is dilhcuit to machine 
owing to the iiuital “dragging,’^ the same casting after the lapse 
of a few weeks can be macliined as easily as brass. The change 



appears to lie a(5<u>mpani(*d by a slight iuoroaso in the tensile 
strength of the metal, hot tliere is uo toiuh'uey towards disiutogra- 
tion as shown by many t)f tim alloys of alumiuiiuu with oLlier 
metals. 

Magnalmm.^ Alloys of aluminium and mfigm'sium were 
prepared by Whhler as long ago m 18G6, and by Parkinson in 
1867. Tiie latter obsorvea that “none of the magnesium- 
aluininlutu alloys pnunise any prautical service in the arts.*^ 
J 1.M98, No. 24,878. 
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X is intended solely for castings where strength is of primary 
importance ; Y is used for ordinary castings ; and Z is intended 
for roiling and drawing. 

As regards alloy X it has been stated by Barnett that it 
contains 1*76 per cent, copper, 1*16 per cent, nickel, 1*60 per 
cent, magnesium, and small quantities of antimony and iron. 
Photographs 36 and 37 show the microstructure of this alloy. 

Alloy Y is somewhat similar in composition, except that it 
contains no nickel, but small quantities of tin and lead. 

Alloy Z contains 3 '15 per cent, of tin, 0*21 per cent, of copper, 
0*72 per cent, of lead, and 1‘58 per cent of magnesium. 

The tensile strength of ordinary castings with alloy Y varies 
from 8^ to 10 tons per sq. in., and that of rolled samples of alloy 
Z varies from 14 to 21 tons per sq. in. 

The alloys work well, and excellent screw-threads can be cut. 
The speed of working is about the same as that of brass, and the 
tools should be lubricated with turpentine, vaseline, or petroleum. 
Alloy Z is exceedingly ductile, and can be spun and drawn into 
the finest wires. For these operations vaseline or a mixture of 
1 part stearine and 4 parts turpentine has been found suitable. 
In drawing tubes or wire the alloy must be annealed by heating 
and cooling suddenly. Slow cooling produces hardening. 

For rolling, magnalium should be heated to a temperature 
of 350®, and the temperature of the rolls kept at about 100®. 
Annealing should take place after every second pass. 

With reference to the influence of heat treatment on these alloys 
it is of some interest to note that although quenching has the 
effect of softening them, the softening is not permanent. It is 
followed by a gradual hardening which may continue for several 
hours before the maximum hardness is reached. 

With regard to the casting of alloys X and Y, the metal 
should be melted at as low a temperature as possible (about 
660*) under a layer of charcoal, and the scum carefully removed 
before pouring. In making the mould the sand should not be 
rammed so closely as for brass castings, and it is recommended 
to mix the sand with a tenth part of meal in order to allow free 
escape of gases. The facing of the mould should be treated with 
blacklead, French chalk, or petroleum and lycopodium powder. 
Metal moulds are also suitable, if polished with blacklead. 


alloys. 


264 

MfiKnalium oontraots ooiwifiorably on ,f 

omt), and to imnm good (saHfciinrH if ^ ^ ^ m 

head of nudal and Jargo gates and ninnerH.*^"^*^^**^*'^ 

Magualiulii oan ba Holdarod bnf 

aoaountof tho higl, ooudu«tivi\v for lU’T tin' u 
tl.0 ddhoulty of obtaining a Hnrftloo fn-o fr a .! f 
fn a paper road boforo tho Amorioan M 
L’nginoora, Mr Morris Maoliol roeonniio.„lH ir" 

(ilia alloy is a'dliaiontly strong and has i li« i V- ■ that 

of light vvoight, low oooliioiont .d Motion amn!n'‘1t 

duotiv.ty whiah pravonts ovar boating. ’ ^ ' «o»- 

Magnalium is very little adootod I.y diiu(« , 

provants it being more widely iisnd ^ 

torpedo boat w(w linilt in ( his noon i *” a 

'« a. ty„„ ''»«■» ...d Co, 

$x^mm tH)mmit>n of thk tilbw h.. ^ ^ «^ppar, 

times used, ^ aoppor are some- 

dUgraro Ot tho antlra boHm tiw* a® “I'diibriiim 

oompouod iliOu, which ln»m 1“ »uil ihe 

MO- cd tatwcTTb. 1'“’" 

puire, aluminium, The '^i ^ w praotically 

Increased, and the alloy* ».« ^ atrongtl, i* therefore 
aluminium. *a»ilj worked than pure 


fSISv 








2Bf; ALT.OYS. 

of (f'Ht.M hy (’nrpotUor Htnl K«lwnr<l.H fuul hIuuv tlio mc^ohatiical 
proport ii'.H of tlu^ alloya in tlo^ form of Hanri rolUul bars, 

and oidd drawn bar'4 rospo<‘( ivoly, Knuu roMultH it ib 

{'vidont tiint Uu‘rr in no aflvnntiijto in mlilin|j^ morn Ibau 4 per 
rout, of roppor, an btyond tluH po'nit thoro in a docM’oaso in duel ility 


7,*" 



^ ‘A 
V V 
V r. 

X Pi 

N 


X7v.,,' 

per rruit^ ■ 


Fiti, ?4, Toioiilo IVntM urn UMri C]«itUl (Irf^wtn 

ly commiHUidhig iurroano tu touarity. Tho alloyH do 
3 t m ctKiUug tjiiifo than abiiidiiitini» nud llioy apprutr to 
.ally unafibrtod by hmt iroatinont bobiw thu tiioltitig- 
jit of tho uuturUo, 75, 7tj, and 77 nlnm tho roHultii of 

t mta on oldl! (matiug^^ and akt* on wmd oitHtingn nbrndy «s«olod and 
quonohml fmm 45()'\ 

Axx alloy uudtir thu niuttu of l*arttnhmi Imu \mni fcnincl on 








.y.i 



Mf !!|„, tiU'ky aluminium 
d iiv «ntviuuu tnitl ut the 
1 1 ;^ .iUmvs i*Huhtiu \vm than 
^ ^ -i nf ti iiritilo com- 
'« \ : iu |U'iu‘lbv!ly 

■‘ HirrrNus’ vtn'V nituilar to 
• I ’ ‘r!’^ ^ 'H‘t* Initii iuhlcd 
■ ‘ jfiy advautaKc ia 


alloys 



„r;5 ^ i4.<d4k fiiilis«ir than mmple 

. • " . ;. I 4 »i hwli Um attrai'UHl a 

t ■ .41;. If S' rmui’^ «if Uufalumiih 

V, % '*■■, ..cf v.rtd. u4 Ufi lu O’H 

of iji5^*ntwduiii. An 

' .■• i 5-.f CfTti.1 jHjj' 

4, .41 i',.. v,.o,..^^ 45i.>, 1^** mlicon, 

s *'’**^^ ^ i^mlk 

,.: - ^ ■m.ir^ t'« .'Vjd Uli 

1 h% s:s.'?l4 P.»llsn|| illi ttJIwil© 

•s,, |*f ‘^1, i« , mih fill ttlmigaiioii 

. i.- iwijmrt^l by 


ALUMINIUM ALLOYS. 


269 


worldii^j duralumin may aiRo bo hardonod by boat troa-tmont. 
If th(} alloy is boated to a Uuuporaturo between 410“ and 500” and 
([uoiKiliod it romaitiH soft, but HubHetiuontly hardens, as already 
mentioned in tho case of tluj abuuiniuuwnagnoHium alloys. The 
maximtim harduosB is roachod after tho lapse of about forty eight 
hours. By this moans tho alloy has boon obtained with a tensile 
strength of nearly 40 tons per h(|. in. 

The hardiiOHB obtaint'd hy boat treatment, however, is to some 
extetit removed at compaiutivoly low t(nnporat\m‘.H, and this must 
be taken into aooount in tlie [)raotioal n.pplioabions of tho alloy. 
For example, Lantsberry statos tl\at a sample of shoot which broke 
at 29*4 tons per sq. in. wan boiled in water for four liours and was 
then observed to br<\ak under a load of 26T tons. After annealing 
for half an hour at 2()()" this was further reducicd to 22*9 toxm. 

From wliat has boon said of the ageing, or slow change, takitig 
place in alutninium alloys it is evident tl\at this property is 
intimately oonnooted with tlio aluminium itself, the metal with 
whioli it is alloyed merely serving to retard or a(Huu\tuat(^ the 
change. For example, tlu^ alloys of aluminiiuu with iron, nickel, 
cobalt, manganese, etc., in whi(*,h th(‘.He tnotals are pnmeut in 
relatively high poroentages usually from 25 to 50 per cent.— 
will, in the course of time, disintegrate and fall to pieoes without 
the applitiation of any external force. It is probably the mme 
change which oauses tho hardening already noticed in the 
industrial alloys. 

The author has suggested that this alt(U‘ation in properties is 
probably due to an allotropic change in the aluminium induced 
by the presence of impurities, and tlnn'o appeal's to be soino 
ground for this belief. Cooling curves of aluminium to which 
HTruill (pianl'iti(\H of nud-allic. imp\irities have been added show a 
decided <^vohitiou of heat towards tlu^ end of soli<lifioation which is 
not due to the solidilication of a eiitectic, is not })roportional to 
the amount of impurity addi^d, ;md oticurs at a e.oustant tcinp(*ra- 
ture. Moreover, Turner and Murray have she nvn t hat aluminium 
expands on Holidilication, a proptu'ty wln'cJj, although not necessarily 
proving an allotrojiic. change, at least indicatos a molaoular 
rearrangement. Wlu'tlior it will ever bo possible completely to 
control these ohangcH remains to seen, but the introduction of 
such alloys as duralmnin appears to be a step in the right direction. 
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SILVER AND GOLD ALLOYS. 

Silver AlloyH, 

"rni*: allovK of nilvc^r with (‘opprr may alt»n(» l>u Haiti U) havt' any 
iuiporlant; iiuluHlrial apj»lieationH. I’rom (iiim tinn’ many 
othor Hilvur ulIoyH have heun ; buii nnnn (»r thtau havt* 

taken the plaeo of the wolLkuowu nilviT cnpptT nllnyH. The 
iiuportatioe of thcHO ulloyH may be roalincul whtai it. in rfiut'uiiunHMl 
Uuifc the avt'ra^jje wei}>:ht of Hlandard ailvt'r arti(‘h*H, hallmarked 
at tl\e AHHay OllieeH of Birmingham, Hludlield, ami ('lu^ster alone, 
(luring the laHt live yearn amounU to (>, 037,214 o«,, or nearly 
225 tonfl; and it has been entimated that the amount of sBuidard 
nilvor molted annually in the United Kingdom ia eloae on 700 
tons. 

The oouBtit-ution of the ailver-eopper idlf>yH lias het n thoioughly 
investigated by UobortH-AuHton and Hoyt'oek anrl Novilhs nnd 
the results of their resourehoH are |)Iott(Hl in the Ireer.iug- point 
curve shown in fig. It will he seen that the inetalH form a 

Him[il(j HoiioH of alloys with a euU'etic {vmtaiiiiiig 71‘U per oont 
of silver and melting at 77H*’. ^Phis is tln^ alloy winch Level in 
1854 ooimidenHl to he a definite compound on account of its 
romarkablo homogentnty. 

The alloys of industrial importamui art' few in nund»t‘r, ami 
contain not less than HO per (‘.tmt. of silver. 3be following t4ihh^ 
shows the composiUon of the silver stamlards \iHed for coin ami 
for plate in difbuHuit countriuH 

* Tho exttnit of tlio linn rnprmtnnting the eutectic liiin not been armirnttly 
ilotemiinml, but italiould bn ntunh beigur Uma tlmt wbewn iii the iliagmm, 
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It will 1)0 Kt'iui that an alloy con- 
90 per cont. oi* 900 partn of 
Bilvor por thousaixl in most gcmorally 
adopted, while the UriiiHh Ktumlard 
contains 92*r) por cont. or 925 parts 
por thoiisaud. It. Hlionld bo mtjntionod 
that tho compnaition of Hilvor and gold 
alloys is soldoni (^x[)n‘HK<Ml in por 
oontagOH, hut in i)ar(H p('r thoUHJUoI. 
ThuH an alloy of **925 fino^* nignilioN 
an alloy containing 925 part^^ of fiin' 
or pure silver por tliuUKaud, 

fcJterling silver was first dellnod by 
a statute of Mdward L, and must 
contain 11 ou. 2 dwt. of fine nilviT 
and 18 dwt. of copper to the ponml. 
Tho word ** sterling’* wtis apparently 
derived from tho MnsterlingH, or wurk- 
men who oamo from (lenuauy, ami who 
wore the lirst to tnake and work the 
alloy in tins country. Stow says in 
his Purvey of Londm^ puhlished in 
1003: “But tiio inomy of Kngland 
was called of the workers thermif, 
atul so tlu) Kasterling pence Uiok their 
name of the Easterlings, which did 
first make this money in Knghuid in 
th© reign of Henry 11,, and thus 1 set 
it <lown according to iny reading in 
Antkpdtie of rnomy matlurH, omitting 
the imaginatitms of lat() wTiters, of 
whom Home have Sfud Kastin'ling 
money to take that name of a at nr re 
stamped on the [jorder or ring of the 
ponie; other sonu*, of a bird mlleil 
a stare or starling sUmpttd on the 
circumference, and olht'rs (morn tm- 
likely) of being coined at Htinmliii or ^ 
Starling, a town© in Bcotiand.** 
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Tho luHtory of ilu^ coina^o* Htamlanl haa lu'on vvt4) dadcribed by 
UuburlB-AuHli'n, tind wo ciuuiot do bottur than i![uoto Iub own 
wortlH — 

‘^Vuglo-Saxou and Angbi-Normmi o«»iu8 arc ladiovod to have 
boon of tho Odd HiaiHlnni ' 1)2^, anti a coin of William tho 
Couquoror which I aKHayotl |jn>vrtl to bet 922*8. In Kngland 
tluH old Htandard nppt'arn tt> have remaim'd tnu'-hanged until the 
thirty- hnirth year (»f Iviuju: Henry VI 1 1., when afj:rt*at fall took plaeo. 
A Hiill deeper fall in the hlautlanl tinem^ss ttunned in Ifeih, and 
again in 1540, and in the nngu t»f Kthsaivl VI. It ftdl ttt iu 
lowoHt point, iti thohairth year t>f the latter nmuandi, when tho 
pound of Hilver e.onlaiued only .1 tm. of lim* ailver and D ox, 
or bane nudal, that in, tlie Htaiulani, exprtnised deeiimiily, wan 
only 2f)(), Strangely enemgh, ihia bane eniuage wan pn}j(*(q,ed with 
a view to Kooure i>y tlu^ traimetitm the huiu <»f to ho 

devoted to tho reBir)rHlion td Urn HfuTidanl generally. Half thin 
mm appeara to have been actually {ibtained. Ah a ntep to tho 
withdrawal of the ImHu money, it wan alnumt ludverj^ally iletn'ieil, 
that iB, tho ooiii whitsh had been current at nitt^n far above itB 
inlrinaio vahu^, wan uilicially reduced ttj a value nearly ecjrrcHpond 
ing with itB Htamlard of flneueBH, Dreadful tlintrcMa wan eaumul 
to tho p(U>plo, aiui tho oaddeBt pioturew an' drawn of tht^ flmuicia! 
c()nditi(iu of Hnglaiid at tiio time. In ILf);] the atandard whh 
rcHtnrcd to nt^arly itn original richnenH, tui e(»iur.i euntaiuing 11 ox. 
1 dwt. id pun^ metal and 19 dwt. t)f luihe meial, or Htamlard 1)21, 
wore iHHUed, and thin alloy wan uiaintainetl by t^ueen Mary, ^hieeti 
KlimbaUi further conlrilmletl to the reHtt^ratioiuind maintenanee of 
tho Htamlard {InonuHH ui tlio coin, A pnadamation, datcul S<q>lember 
27, 15G0, Htatod that * lier Majenty, who, Hince eaims to thu 
tlironc, liover gained at»y thing by tlm etjinage^ nor yt^t ever coiuiid 
any miunmr of haao monicB, for thia rt^alrn, bad begun a cidtiuge, of 
flno money in tho Tower of hmdon.' Notwii Icuanding tho 
offurte to rcHtoro the coiuagi^ sn iMiglaml, the ctduiH 
olroulated In Iredaml wore depUmibly low, an the pound only 
odntaintd ^ ox. 18 dwt* <if fine nilver, ami 9 cix, 2 tlwL of 
copper (that Ih, the Htamlani \viw only 241), 

**Tho rcHtoration of tho iitiuidard of Urn Ndver begun in the 
’gn of King Itklward VL wan, however, completed by (,hieen 
mbeth, and it hm not b(?on ninao dekmed.** 
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Tlio Mtandanl for plaUs wan raima] in IGlKi 11 (»z. 10 dwl., 
or 951) linOj in onln* l.n prt'vtait molting of c-oiiiH for (*nii version 
inU) plain; lail Uu^ allnj prnvtnl loss dnrahli' tuul sia'vieeaUlu Uuvn 
tho old Rtandard, to w'hWh a n'lurn wan nnido in 1097. Hoth 
those stat\dardH aro in (^xialnuM; at. Ihn proseut. time, hut tho 
purer alloy, which irt known an nritn.nnia Htandarfl from tln^ halh 
mark roproKi'nting tlio “r!fi;nro of a woman commonly eallod 
Bdiannia/^ iHHcldom uhc« 1 except for very lim^ work and comidituilcd 
dcni^nH, wln^ro its ^imtco’ soflm'SH in an advantage. 

Tho aHHayiuK ami ludl nuirkinf,!^ of ntandard Hilvor is carrictl 
otil at nuthoriHod ** Assay Ollici's in Lon?It)n, Uirmin^ham, 
Sliolhold, Ohi'Ht.cr, 1‘lilinhnrgh, (llaHin^w, and Duidin, atid tln^ 
markn UKUidly found m nilvin' an^ a Linn i‘assant indicating the 
standard of 925, the initialn of the maker, the y(‘ar of assay repni 
Himtcdbya letter, and tln^ heraldit*. arms of i\ns place of assay. 
Tlio luTaldio arms of the difVerent Anwiy OOices aro as hdlowa: — 

London tho head td a loopard. 

Birmingham— an anchor. 

Sludludd a (U'own. 

' CheHUu'- a Hworil hedwtam three 'urha. 

Ldinliurgli a casUo, and the Htandartl rejU’enented by a ihiatlo. 

(Basgow a tns^ growing tmt of a mount, with aboil pendant 
on tho Kinistor hranoli, and a hi* 1 on the top hmmdi, over the 
trunk of a tree a mdumn in fessu, and in its mouth an annulet. 
Thc^ Htandard in also reproHentod by a thi U.h». 

Dublin— the standard 925, and plaoe rc^pnmented by a harp 
crowned. 

Bkndnrd silver Ib harden’ than th(‘ puret rnet:ih hut is Huflh’iontly 
malloahh^ and ductih^ to \m voWvd into thin sheetH and flrawn 
into lino wire. At the naim^ time it is ptwfecily wlvite, and U\km 
a lino ])(disii. Tlu‘:;e propertic?^ inake it .admirably Huilod to the 
purpf»si'H of coinagi'. Unhkf mnat of (he mallrahlr nllMVH, lutw 
0V(T, it IH not a homogenoHus solid soluLion, and thir. is perhaps 
its greate.st drawback, as it in pi. act, ic.ally tmpn .'.iliiti Ut uhtaiti an 
ingot of uniform coui[>o;dt ion ou mg li» lapiatiou. ’TIub Itaa htMUt 
a very serious dilVumlty in the prodtuUion of the Htandard Trial 
blatoH agaiimt which tlu' coiimgc of the country h ultitimfely 
tested. Ah far hack m 17HI darn Muggtsied the use of hot 
moulds for thin purpose, and in 1B73 lUibcria Austen ubtahuHi a 
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fairly uniform mass by extremely slow cooling. Mat they, in 
1894, adopted the metliod of casting the alloy in the form of 
thin sheets, and attempts have also been made to cast tho alloy 
at a temperature very sligl)tly above its melting-point. Number- 
less experiments bave been made from time “to time, but 
none of them have proved entirely satisfactory ; and the method 
finally adopted has been to cast an ingot considerably larger than 
required, which is rolled to the proper thickness and a number 
of assays made from different parts of the plate. A piece is 
then cut out of the plate where the assays are practically uniform 
and of the correct standard, A lack of uniformity is found in 
all standard silver, although it is, of course, not of so much im- 
portance as in a trial plate. For example, a fivo-shilling piece, 
whose diameter is almost the width of the fillet from which it is 
cut, is richer in the centre than at the edges ; while with smaller 
coins, such as a shilling, where two coins are cut in the width of 
a fillet, the edge corresponding to the centre of the fillet is riolier 
in silver than the other edge which corresponds to the outside of 
the fillet. In the case of the strips sold for silversmith^s work it 
has been stated that the average difference between the outside 
and centre varies from *8 to 1 part per thousand; and wliere tlie 
alloy is to be hall-marked the manufacturers usually add a stxmll 
quantity of silver to compensate for any irregularity in composi- 
tion. The result of this is that at the annual examination at 
the Eoyal Mint of duplicate samples submitted by the Assay 
Offices and known as the Diets,” the mean assa^^s show results 
varying from 4 to 8 parts per thousand above standard. 

Standard silver is melted in plumbago crucibles, which are 
nearly always heated in coke furnaces. The crucibles vary in size, 
but those used at the Mint hold about 4000 ounces of me tab 
They will stand a large number of meltings, and are finally broken 
up and sold to the smelters. Experiments conducted at the 
Mint have shown that the average temperature of pouring is 
about 980®, and the temperature the silver “ blanks ” are annealed 
at is about 640®. If insufficiently annealed, or annealed at too 
high a temperature, the metal is liable to crack with meohauical 
treatment, 

addition to standard silver, a small quantity of alloy 900 

®'hich is not hall-marked, is used in Birmingham for 
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jowollory ; and it ia Klalctl that alloyR an low aH (KK) fine are etu- 
ployed, but tli(^ (puuitily niUKt bo very Hueill. 

In America Hterling nilver in inantifactiirofl on a large fiealu by 
mills u)aking a Kptudality of roiling lliin alltjy. The method of 
manufacture (lilVens in Hnim^ reKpcHUH from that optu’atiug in thin 
ooimtry. The alloy m inelt,«al in furniiceH fire<l by oih which has 
the advantage (»f being fn^e fnnn Hulplnir and producing no ash 
from which, in the uvtmt <»f a<*cidentH, the ailver re«piireH to be 
aoparated. 'riio furnnc’en oonsint of a enatoKei Hhell lintal with 
lirobriek, with a hole at the bottom thnundi which the j(*t enters 
at a tfuigent, HO that the ihuue tUam not impinge directly up<m 
th(^ crucihle. 'rim criunhlen tiHtMl are of graphite and hold about 
1200 oiumeM, half of tluH iuung made up id line silver arul nliot 
cn[)[)(‘r in tlm calculatt‘d pnipurtimm, and the othm* half (?oiiHiHting 
of Ncruf). Ihidm’ ordinary lamditiunH t lie time napurtal to nndt Ihin 
<piantity ia about forty miuuleH. before pouring, the metal is 
<leoxidiHod hy achling metallic {‘admiinii eapml p(*r oenl, of 

the weight of tlm alloy, which in pushed down under tlm nmtal 
with tongH to prevent it rlHing (o thn Hnrfncc and Imruing, 

The ingot mouidH are (d tlu' ordinary patferii, consisting td two 
parts held together hy a ring aiul weclgi% and take an ingot 12 (rm. 
long hy (0 iuH. wide and i| im tliii'k, After canting, the Ingot 
is cooled in water and the top (‘ml m alnsarod off. It li now 
trimmed and planed to rctuova surface defects before rolling* 

The rolling ta^kes platm in three atagcH. Fii’sfc, the plate ii 
pasHcd tl) rough the hrtmking-down rolls, in whiedt it recta ves as 
heavy a pinch as posHihlu and iU thit^kuesH is nslucetl to | in. 
Tlm plate is Uieti annealed in a nnillh* furnace (also oibliretl) and 
plunged, while still hot, into a pickling hath ctuitaining I part 
<d sulphuric acid l.n U> parts td WHi(u% ufhu* which it is dried and 
(sxaminetl for nurfae^' defectH, which are nmioved with a hammer 
and chisel. Afliu* Htniiehleuing, the plate is tium pawed through 
the rumnng«do\vu rolls until its thickm-hH is rcducj*tl tt) K{». 10 
H. and H. gaugt% whim it r«*t|uin‘H a second annealing ami pickling. 
Tlm sheet, which is imw 10 or 12 ft. in length, in again examined for 
surface defuc.lH, and in then passed to the liiiishnig rolls | on Icirvlng 
the rolls it is again anmidiHl, pit‘kled, ami driwl in aawtJiist, 
Btandard silver can be readily aoldemi, and thtf alloyi uwi foi 
the purpose ara of some iiii|HUlamm* They consist of silver and 
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copper with an addition of jinc, UNiiallv iotr^^, j ■ 

bmas • and whoro a very fumble solder is reqiiiroTtir- 

added The coixipoBition of a fow oharacfcorisi 

the foilovviiig table ; ■- ^ solders is given in 

^ n,viou SlonDiimH . 


Ooiiipcmifcion. 


Bilvor, 

Ooppor. 

80-0 

18*2 

7fl'U 

20*0 

70 -n 

22*6 

09 -4 

22*1 

88*8 

flB-7 

84 •« 

62 ’fi 

22*6 .. 

82-5 

80 ‘0 

81*2 

82 -t 

20*9 

82 -E 

20*9 

E8-0 

27*7 

mi , • 




6*8 

5-0 

7*5 

8*6 

ia*o 

7*6 

6*2 

16*6 

10*4 

11*6 


O'iiu 


licuimrka, 


I * 


6 ‘2 
8*3 


Oolinaiy H.’ido, faf^Seworh 

I'.iiwy siililar fm- eluiJug, 

Qiiiiik'-rmiuitiK soldor. 
tommou ciuiek aoMor. 


-..I.;:;:;:::,; t ■» “» ><«■* 

Plati L in “* art of 

hv 'I'lf ^ commercial plating prooess, which was invented 
•J Ihomas Bokover of .Sheffield it. 1742/devalord ffito 1 

1 P « -if ««l»rHcded by eleotro-plato. 

Asf i n/’ of tbe Sheffield 

close oonteot after their surfaeos had !,««„ 1 ptao.ng tnem m 
The silver «,»a m. 'lad been scraped clean and even. 

Ahe silver was then protected by a thin sheet of copper and a 
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sheet of iron outHide that. Tho wholo was tightly bound to- 
gether with iron wire, and tho edges brushed with a solution of 
borax to preyent oxidation in tho subsoquont heating. The 
ingot was next very cam fully heated in a rovorhoratory furnace 
until the silver began to fuse and was seoxi to flow at the edges. 
It was then quickly roniovod from tho furnace, gradually cooled, 
and when cold olt‘iint‘(l in an acid solntion, after which it was 
scoured with sand and water and rolled out to tho desired thick- 
ness. For tho purpew'H of nuunifmsluro it was cut up and 
hammorod into tho requiml shape by skillod workmen, or 
stamped in dies, the edges and parts being soldered together at 
a moderate heat, and linally burnishocl by hand. In the early 
days of silver-plating the manufacture of buttons and bucklos 
was an innnonso industry, and Bolsovtsr at nneo established a 
factory in Baker’s Hill for the pnahiction of those and other 
small articles, sucli as snufl-hoxc^s, (5t{5. Ilo oxpesrionood great 
difficulty in regard to labour, and at first ho, /uid others who 
followed him, had to tlic services of itinerant tinkers and 

such workmen as they could induce to come from London and 
other plae,uS' men wlu^ sptMHliiy n^alised tliuir importance and 
exacted tlioir own terms/’ 

‘‘For th(} first fifty years the coppeu' was plated with silver 
upon one side only, but Holsover’s apprentice, Joseph Hancock, 
improved upon tho process and plated both sides, at the same 
time' extending its application to large articlos, such as tankards, 
oodeo pots, etc. Tin was at first applied to hido the raw edges 
of the copper, or brass, but in 1784 George Oadrnan, in partner- 
ship with Samuel Roberts, sulmtitutcd’ solid silver edges and 
mounts, thus not only hiding an obvious clisrigurement, but also 
protecting tlu^ parts most (ixpose<] to wear. The earliest 
forms of ►Siudli(‘I(l Plate an^ g(UH*ra.liy pluJn and siinplo in design, 
but lector tho designs wen^ pi(u*(s‘d like t.Im sihuu’-piercod work 
of about the middh* of th(i niglihsutth <;entury. Ah a general 
rule, Sholliold I’latc simply repUMluecd tho paUauum of solid silver 
in uao at tho time/’ 

Another process known as “ Giuse-plating " was carried on 
simultaiieouBly wilJi Shenield plating, and wjvb used for tbo 
plating of steel artitd(w, mivh m fruiLkt lives and candlc-BimflbrB, 
which often aociompanitHl candlesticks and trays of Sheffield 
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Plate. In this proooss the ntool was oarofully cleaned and then 
tiiuied by dippinjji; into molten tin. It was then covered with 
thin silver foil, which was beaten, or “ closed,” over every part by 
oaroFnl liamnioring, and when this was completed a hot soldering 
iron was pressed over the whole siirl'ace, thereby molting the tin, 
which alloyed with the silver and soldered it to the steel. 

Apart fit)m T;ho silver-copper alloys the only silver alloys of 
any importance are those with cadinimn, platinum, and tin. 

Silver-cadmium Alloys. —I'he alloys of silvoi’ and cadmium 
Iiavo long boon known, and many years ago a (soiupany was formed 
with the ohjoob of eloetrcHlepositing an alloy of silver and cadmium 
in plaao of })uro silver on account of its suporiority as regards 
tn,rniHhii\g. The attempt was unsuccessful for various roasoiis, but 
(dnofly on account of the diirumlty of obtaining a uniform deposit. 

In 1904 Hose drew abbetitiou to the fa(d that silver is capable 
of dissolving cadmiuui to the extent of 20 per cent, to form a 
homogeneous solid solution, and ho suggested that the standard 
trial plates might with advantage be rephuuKl by a silver-cadmium 
alloy OTX aooount of its uniformity in composition. Trial plates 
wore therofore made, and it was found that they wore perfectly 
\miform in composition, and tliab the cadmium in no way inter- 
fored witii tlu^ ordinary metiiods of assay. Soiyio didioulty was 
expiu’ieueed in molting the alloy on account of the volatility of the 
cadmium, bub the method fmally adopted was as follows -Molten 
silver at as low a temperature as possible was poured on to the 
molted oadmium eovcnul with charcoal and (ioutaiued in a largo 
oruolhle, By this uumiuh bim loss of cadmium was red\iced to about 
0*15 per cent, of the W(‘ight of the alloy, and was fairly regular. 
The loss on romoltiug the alloy only auicumtod to 0*08 per cent. 

Cadmium, however, is not only of use in tlu^ preparation of 
standard trial plates, but in other ooiiritries is oxtonsivoly used 
m the manufacture of sterling silver, owing to its valuable pro- 
perties as a deoxidiser. It increases tlio malleability and ductility, 
prevents blistering, and Is said to improve the whiteness of the 
alloy. Moreover, an excess of cadmium is not very material, as 
it alloys perfectly with the metal without injuring its mechanical 
propertius. An American authority states that oadmium is used 
by practically every mainifacturer in the United States, and he 
gives 0*5 per cent, as the usual addition. 
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Silver-platinum Alloys. — Those alloys arc* uswi to a 
extent, but are of suHicient iinportiuice to (ieuiutMi a hrt-'f 
description. 

The preparation of the allojH in Houic.whut tmiui? t** 

the high melting-point of tlu^ plaf-inum ; but. {\w fdl*»ymi,: m 
' effected by gradually adding the platinum in tlm fnnn of 
to the molten silver, the wlioh^ hoing llioroughly by 

stirring. The resulting alloy ih grannhitcd ami nmnd!f«i to oit 
sure uniformity of coinpoHition. 

The moat imporUint of the silver plaiinum allnye ai r tiu*Hr unr4 
by dentists and sold in tho form of wire, Hhet't, and pri fuiatrai idji. » i, 
under the name of dmiUtl alloy. They are nineh imne dur ddr, 
and do not blacken so nuulily n.H a silver eop|H‘r alloy- Thrro su« 
in the market two qualities, tho lirst oonlainiia^ in por rrta 
silver and 33 per oont. of platinum ; and the firruud rMui 
75 per cent, of silver and 25 pen* lamt. of plnfinum, Thr 
occasionally contain a snuill tpianlily of ccqipt'r. 

Silver-platinum alloys are also said to he nned i»y iriu.;! y uo 
jewellers, but it ia probable tliat the advnnrr in tie- pu r 
platinum has been the rneaus of (‘tiri'king tluur uHr, , 

contain from 2T) to 35 per omit, of platinutn. 

An alloy used for soldering [flaliiuim ennsiMta of 7:i prr rvnl. of 
silver and 27 per oont. of platinum ; and an alloy ront^iinng iV; 
per cent, of silver and 33 per oent. of plaiiniim k mipb 
the standard of electrical reimtance. 

Alloys of Silver and Tin. ^-Alloys of them* tnvUih are 
used by dentists as the basiK of anuilgaum for HtoppjUi^ fi-ili 
They come into tho market in tin* form of filingii or 
containing from 40 to 00 per e.ent. of nilver, and iu-«* toitwl w%ih 
mercury immediately Ix'foro nne. 2'be aimUgnm tbnii 
beoomos a liard iuu-hh wilbin n few ln»nrH. Soeill ,4 

other metals, viKnully gold, plaliimm iir »’uppr‘t. um? I 

5 per cent., arc oecasionally ndtletl jft ih,- nlhn m 
improve its quality. 

As regards other alloys of silver, llnme wiilt .u.,| 
have had some attention diuMited tn tlunii, but mi inr ilipy 
not attained any degree of induHtrkl ifitjiorliineti. 


'I 


282 


ALLOYS. 




Grold Alloys. 

Tho important alloys of gold are those 
with copper and silver, and of these the 
gold-copper alloys are by far the more 
important, on account of their einploy- 
nioiit as alloys for coinage. 

Tlio coriatitution of tho gold -copper 
alloys has boon studii^d by Itoberts-Austen 
and Hose, and the free/ing-point curve 
of the serioH as dotennined by them is 
shown in lig. 79. It consists of two 
hratudu^s nuu^ting at a point representing 
the outecticj whiiih contains 82 por cent, 
of gold and nielts at 905“. Tho round- 
lU'HH of the curv(?. siiggc^sts that the inotals 
arc to a (uumhhn'abh} extent soluble in 
one another, and tho microscopical ex- 
atninati<m confirrtm tius view ; but tho 
d(^groe of solubility has nob yet been 
HKcertainod. Standard gold, however, is 
a hoinogeueous solul solution of copper in 
gold, and possesKOH the crysbillinc struc- 
ture of a pure metal. An old fasliiotied 
Hystcuu of expressing tho hnenoss of gold 
alloys in and grains, or carat 

grains/’ is still in use in this country, 
and rtupiinm some* (‘xplaiiation. The 
Arabic, word Kt/rat and the (h’ook Kmi- 
tioii a]>pt'ar to bo tlu^ same, and were 
applied to beans or hcuhIh which wore 
used as weights, Tho word seems to 
have been retained aftc^r the introduction 
of standard weights, for wo find a small 
(Ireok weight ktiown as a ceratimn, from 
whinlv onr carat, or “karrott,”a8 it was 
Formerly spelt, is derived. Tho carat 
contains 4 grains, and pure^old is taken 


so that, to take an example, 18-oarab gold contains 
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18 of pure gold, or 750 fine. Thin HynUmi wm mUmml m 
Snt until 1882, when it wjih n^plaond by Uio diHnntal or 
per thousand '' system; but it is still eomuKUtly by 

jewellers and goldsmiths. 

In following tho history of tho gold (ujiiiugi* iu rliJH t-.MOulry 
must again quote tho words of that, oniinont authnniy, tlu* IsUi* 
Sir William 0. Roborts-AuHtou. ilo. bogins with tlai yrai WMI, 
“the 4rlst yoar of King Ilonry III., who mado a piumy of 
finest gold, which weighed two HUn*liiigH. 'rhin, an Ibtdnig 
out, is remarkable as tho first coinage of gold in tht^ kingd^no and 
it is extraordinary that it took place at the height of the 
distress for want of money. The mat Hlep of importanr*^ 
taken in 1343, when King Kdward HI. n»inetl, f*r piMj^.i* I si 
coinage of the standard 994 *B (23 earatH, 3j. grains, an*! k of 
alloy), which was roforrud to by later writerr^ns tho ‘nid 
or * right stam lard ’ of Englaml ; and Lo\vn«lr.H, quntuii* ihr s 
Book of tlio Exoiioquor, says that the .4 eiuiu cd nitn I- 

either of ‘silver or oojqiord Although lht^H^* wore u--d, '' 

considered, ‘the first (joining of gold in Kuid.Moi/ ? 

Edward III. wore of remarluihhi beauty ; and it 4ni»-sird that 
they were struck from gold pri'parini by orrnit ,ud, \t% ihr* %»dl 
known alolicmist liaymond Lidly, who had a labtimfory in tip’ 
Tower of London. There are, however, tdironolo.ideiil iliffb ulip s- 
in the way of this explanation of tho origin of the pree?pn?i ine^id 
No further change was tuado in the ntandard of tipi g.d i 

coin until the year 1526, when King Henry Vlll. ijitrr.4pr-1 , 
second standard, 916*66 (22 caratn), the profeHiied objrei Innuj 
prevent the exportation of the e.oin to Klandeix The fiirih^ i 
modification of the stmidard, which wan it» Ibid, 

preceded by a kind of Hcicntilic rt'-Hoand), an Kho? Mfdrrrd ||pi 
officers of tho Mint to prepare, \vh<*m‘ver tlo^v eh-nl4 1^* vm 
directed by tho IVivy Gomieil, ulIoyH to }ht^ vnhir *4 ^ i 

in weight, of such fmonoHH as nbnidd !»p »lr\i rd h. , \ 

Council, in order that tho gtmoral nat nr*- mi alln^ , sun. ; p » . 

used in foreign realms, might the Htnmrr cpinp i., \m M.i - 
knowledge, Tho atendard 91 6*(l(i (which w iIip h Up. 

alloy used at tho present day for tlu^ geld iMm 

was again isauod In 154-L By a rnilmpqip^ii iiidrsiii.irr« fl:.!r4 
1545, the gold was brought down to 833 3 (20 mrm) 
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Edward VI. improved the fineimRa of the gold currency in 1549 
and in 1552 an indenture wais made autlioris^ing the coinatye of 
gold both of the old standard 994-8 and of the standard 916’66 
Queen Mary issued coiuH of (iueness 994-8. (iuoen Elizabeth 
struck coins of both standards. The coinage of gold of the ‘gold 
standard' 994-8 was abandoned in the 12th year of King 
Gluirles L, and since that time? the standard 916*66 has alone 
been issiu'd, Goins made of tlui old standard previously to that 
period continued to be ciirnmt until the year 1752, wlion they 
wore withdrawn from <drculation hy proebunation.” 


(loi.ij St/vnuahub. 


OuuuMy. 

lUinoiniinitiou 

rinoncss. 

AuHlviii-lIungavy 

llurat 

m 

M M • • * 

*20 and 10 orowna 

000 

Belgium .... 

20 and 10 francs 

000 

Donmavk . 

20 and 10 Icromsr 

000 

l<‘ranco .... 

All 

000 

Uerniany .... 

All 

000 

Great Britaiu 

Sovoroign 

910-0 

Holland .... 

Doublo ducal. 

080 

Italy 

DiUMit and 10 lUuin 

000 

All 

000 

Japan .... 

,, , 


Norway .... 

20, 10, and 5 kronor 

000 

Portugal . . . . 1 

All 

OlG-0 

Russia . . . . 1 

All 

900 

Sweden 

All 

900 

tJmled Slati's . . . | 

All 

900 


From the abov(‘ table, giving the oomposition of the gold 
coinage alloys tisecl in (li(rer<‘nt e.eiintries, it will be seen that the 
stfuidard most gouorally adopUul, viz. 900 fine, is somewhat lower 
than in this country. 

Standard gold is harder than the pure metal, but is oxtromely 
rnalloable and duotilo, and admirably suited to the purposes of 
coinage, Moreover, the alloy being a honiogeneous solid solution, 
there is not th© difficulty of preparijig standard trial plates of 
uniform composition. as in the oaso of Htiuulard silver, 

The molting of standard gold is carried out in plumbago 
cruoibles heated in cokedirod furnaecB similar to those used in 
of standard silver. 

"mid and copper are largely used for jewellery ; 
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those most commonly iisod and hallmarked are 
22 carat or 916'6 fine, 18 carat or 750 lino, 
15 carat or 624-5 lino, and 9 carat or .'175 
fine. The firsfc of thcso, vii^, 22 carat, is U»> 
soft for hard wear, and is almost oxoluHividy 
employed for wedding rings and tho.sn parts of 
rings which hold the pi-cuiiouH Htonen and which 
have to be exceptionally ductile. The alloyn tif 
18 and 15 carat are used in Idgh-olaHN jowdhn-y, 
and the 9-oarat alloy is ukccI for cheap wnrk 
In addition to tlioso a mimbar of alloys cmi 
taining silver in addition to the copper are nned 
for jewellery, and in floino cawm iron in tuhhsi. 
An alloy containing 750 of gold and 250 of iron 
is mentioned by Bovoral writern m blue gold.’* 

aoM-Silvor Alloyn. 

Although the alloys of gold ami Hilvrm mu 
hardly be said to have any great, induhinal 
value, they are of couHidcrahle iintcreHt from a 
theoretical point of view. It may he meut lon^Hh 
however, that these alloys arc mw\ to wuue 
extent in the manufacture of jewellery, the 
colour being paler .than in the oasc the mirre 
spending copper alloys. Until compamtivdy 
recently the sovereigns struck in AuHtmlia at 
the Sydney Mint were alloyed with wlvur iu^ 
stead of copper. 

The constitution of the gold silver alloys liiw. 
received the attentum of many luetallurgiHUt and 
more particularly (huitior, RohertH Aie^ten, Rose, 
Erhards and Schortel, who all ugret^ tIuU ihc 
metals are isoiuorphotis and form hf>mn|ooirMn } 
solid solutions tlu-oughout the whoh^ hwim mi 
alloys. The froozing point curve determmrtl Pv 
Roberts-Austen and Itoat\ is shown in fig, HO, 
and it will bo noticed that the lowering of iht 
freezing-point of gold by the wldition of nHviir 
is very slight until 35 per cent, ig remihiid. 
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It follows from tho ooustitution of thoso alloys that they will 
bo uniform in composition, and since 1902 a gold-silver alloy has 
been used at tho Mint for tho purpose of assay checks in place of 
fino gold. 
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CHAPTER XV. 

IEOH ALLOYS. 

In attempting to deal with the alloys of iron oar attention is 
naturally directed to steel, and the question arises, Is steel an 
alloy 1 Many years ago Matth lessen declared his belief that steel 
should be considered as an alloy of iron and carbon, and his opinion 
has heen amply confirmed by modern research. But here we are 
face to face with another difficulty, for the study of steel has 
received so much attention/ and is in itself so vast a subject, that 
it would he obviously impossible to compress it into a part of a 
book on alloys. On the other hand, no book professing to deal 
with the subject of alloys can possibly ignore the alloys of iron. 
A compromise must therefore be made, and in the following 
chapter an attempt has been made to deal briefly with the 
essential facts and to supplement these with a bibliography 
sufficiently complete to form a reference to the important work 
dealing with the subject of steel and cast iron. 

Iron and Carbon. 

The constitution of the alloys of iron and carbon is somewhat 
complicated by the fact that iron is capable of esisting in at least 
three allotropic modifications ; and it is necessary, before dealing 
with the alloys, to consider the changes which may take place in 
the iron itself. Roberts-Austen • showed that- if a cooling curve 
is taken of the purest iron obtained by electrodeposition, two 
remarkable irregularities in the curve, due to an evolution of 
heat in each case, occur at temperatures of 895® and 766®. He 
considered that these evolutions of heat were due to allotropic 
changes in the metal, and this view has been supported by the 
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faofc tliat tlioro is a profound cliangG in the physical properties of 
the metal at these temperatures. Osmond lirst described the three 
allotropio modifications as Alpha iron. Beta iron, and Gamma iron, ^ 
and this iiomenolaturo is now univiu’sally adopted. Alpha iron 
(or a-iron) exists at tom} )Griiturcs below 7(56", Beta iron (or /3-iron) 
between 76^6" and 895", and Gamma iron (or y-iron) above 895".^ 

The pliysical properties which have reooivod the most attention, 
and which servo to indicate tho molecular oluuigos taking place in 
iron at diUbrent tomporaturos, arc magnotiHin, dilatation, electrical 
resistance, and thormoolootrio behaviour. These will be referred 
to later, and it is only accessary to mention hero that they fully con- 
firm tho oxistonco of throe modifications of iron. Tho crystalline 
oharacbor of tho throe motlificatiouH hasalso boon studied by Osmond, 
who concludes that thoys all crystallist} in the cubic sysberri, but that 
while a- and /3 iron both crystallise in cubes and are capable of 
forming isomorphous mixtures, y-iron crystallises in octahodraand 
does not form isomorphous mixtures with ^ iron, OHinond observes 
that if tho allotro])y of iron were not concluHivoly })rovcd by other 
evidence, it would nob bo revealed by its orystallography. 

If, now, a cooling curve is token of an iron containing, say, 
()-2 per cent, of carbon it will be found that tho first evolution 
of heat is very much less than before, and occurs at a much 
lower tomporaturo, viz. 825", while a third evolution of heat 
is noticed at OfK)". Further additions of carbon lower tho tem- 
perature at wiiich the first evolution of iu'ab takes placu, until with 
0*37 per coat* of carbon tho first two evolutions of heat merge 
into one at 766", wdiile the third remains ooiiHtant at 690".* Still 
further additions of carbon again lower tho tom])uraburo at which 
the first evolution of heat oocurs ; and when O'O per cent, of carbon 
is reached only one evolution of heat is noticed at 690". These 
three evolutions of heat have boon named by Osuiond A^ Ag, and 
A3; being the change which occurs at 690" and which is also 
known as the T$mleumo% point ; Ag, ilm change which occurs 
between 766" in the case of pure iron and 600" in tlio case of 
iron containing 0*9 per cent, of carbon; and Ag tho change which 
oocurs between 895" in pure iron and 766" in iron containing 

^ Many attempts have rooontly boon made to disprove the oxiatenoe of 
jS-iron, but as yet tho evMonoe has been unsatisfactory and wholly insuflioient 
to support the claims put forward. 
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0-37 per cent of carbon. The Hanu^ pcunt^^ aro nb Mrvr4 tm 
heating steel as well as during cooling, Inifc ihnv do n«»t ormr 
exactly at the same tenipcratur(*s and in onh^r to diHl iUKididi lh»" 
points observed during htiating or cooling the Iritcru o {chnulbit^t l 
and r (refroidissaiit) arc added ; tbiiH Un^ ovohdionH of hral dm wg 
cooling are Ar^, Ar^,, and Ar^, and the ct)rn‘H|iouding points tint nog 
heating are Aoj, Aoj^, and Ao^. Thu inllut'ntu' of uurlnm ni^m tbo 
molecular changoB taking place in nlucd can borit Ijo obh-i ird by 
submitting to a mioroKcoj>ical oxaniinal ion Hiiniph‘H nf liin l v^bo b 
have been heated to variouH teniperaturow aial fiiotb iily d by 
quenching in water or moroury, in order to fix m far nn 
the structure which they poHmms at the ttufipcrat iin^ at wlnvb fbov 
are quenched. Lot us cotiHuior, for c'xamplc, a Htc»d 
0*4 per cent, of carbon. If Buch a Htccl in tpionrbrd at n u.prrfi 
ture above Ar.^ its structure will bo found to run?d’it oniurdy <4 mu 
acicular constituent, of which phologrnpli I, N'o. rrpr«:rti!.f? a 
typical example, and wluoli in known an lUHi tiniHitc. *1 bu b^i nt 
powers of the microscopo are unable to reatilvo liu-i in t ii 
the noedlo'liko structure into didcrent. cuf4ipMUt'ut!5. uod 
evidently a solid solution of carb<»n in inan It. if> a b^fil, bnlf lr 
substance, and is the chief ct)nHl.ituunt of hardmid nirrh^ 

If, now, the same steel is quenched from a t4^in|«tT4iiirp 
Aig and Ar^ the same oonstituunt will \h% ulworvod, but hi ilni 
case it is not the only constituent, but <mcuini in jiiiUditm 
by a structureless and much sofkir nmUwml whirh h 
pure iron and is described m farrito. Again, the %%rr.] 

quenched at a temperature below Afj, or allowed tn si^inri^llr 
will be found to possess a different iitructuro. It »li!I 
two constituents, but the marlcnHito ImM tintlcrgoin^ a 
The carbon is no ]oiigc»r <liHHolv(?d in th«^ jrc»n, but low ^*q 5 i 4 f}s| 4'4 
out as carbide of iron, Koj^d, and him foruicd wiMi a, p.^l of ih^ 
free iron a constituent; poMHcaning thtf typi.-d nltu.-tui^ uf m 
outootio os shown in phot(»gra(ili 7. TUm i^^^wdiiurui i% 
as pearlite. It is the eutectic of iron HlitJ C'Ob. bi I.r.. n 
(or cementite), and eonUiitw jmr (•■■i.t i,f ratt .n U ;» 
much softer than mart, ouMito, and is c!lmriM«t«n>»tip <»f all 
cooled steels. Steels oonhtiniiiK letw than O h 8 pr c««i. t»f * 
consist of grains of pearlite eml>ed<lfd in a gnwwl »,»«» «>f ferni*, 
and are sometimes descrilied an h>'pt>-«ulectie. wliiln r,.,, 

ly 
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laituiija; mnra tlian 0-85 dct , 

^^«uo..fcito ambcHlded in a grounVl nia«H of masMve 

M l»YJior.(m(4st!tio. IIypoMutiH.ti,, „* i ^ 
fciu'oa above Ar^ oonmt of numivo'^'c *®“pera. 

xiarfctnmitoj while in liyptMiuteobio o'^bedded in 

t«»sito variQH and m gmLv vH-u tb! t "i “f “ar- 

totoj fron, whiol, it will bo \ J,\ : 

l'<« . dodnito oumpomUon/bufc i a “o* ’ 

^oncjiutratiou, a aolution of variable 

Tho acoompanying diagram (fig. x|\ , 

■liiroTOil, t«i„|„„,ii„„, .i.|,’, '“'■ “f »Ml« quenelied u ■ 

„,, i., u.. f„l|,„i„„ “Jb. 

« HB ptir (Hint, js H.ilnbl,) in v.ir.m and i,..., ^ of 

whioli tbo molotmlar rhangti fn/in'y to 0. a',!i at 

lb m, h«»wovor, m.t, Kolubin in a-in„, . ,n,,j ,.. 1 *"““! Plaoe. ^ 

:i:i,:^-'" . 

tho .UHtompanying d’iaJra'n /llTM-n ** *«ohown in 

Jnaaulng ahiar wo will follow Jul^ohaT ' 

ooaWniiig O-a n.-r oouf r,p „„-t ' ^ the case of a steel 

eoadition, Tho l!r«t brink in tha”^ '“ 8 : down from a molten 

i-uo mww now eoiwmk of a solid Holntm« ,,p i i'_ 

(martoiaito), and change ooourfl unfciUhriino 00°“ 

i;; A ttswhad at about 820* (At ) at ti,)« 7 • * ! ® “ 

' ' Wodlttoa aet>&fti.t«« ml !? ' , ^ ^ “ the B- 

■ ~ >^«la»mlrtaLlte VhTnrfc’™- «“«ntrated in the 

PSKiBreaoh 0 daf 6 OOVA..\ \ oooura when the line 

breaks down into jtlrlitt ‘ ’ *®«P 0 «tture the martensite 

Although the point Ari has just been deaorlbed as the last 
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in film to tlin iii whirit t.h<' tM)nling tnk«^N placo, an»l in not 
onniH*(!tiul with (.Im* hUm'! 

Tho ciian^^c‘.N orctimiift itj a Hlnc'l rnutaiuiur" U*a per of 
carlum ara Hituilar, t-xorpt that ct inai Hrpsiruu-^i <lir»vllY frnni 
juartfiiHito at aluait 750" ■vvithunt thti pri'liminary Ht'pamtion of 
/iiruii. 

Tlioo/iHO <»f a HtiHil t'unt iiuini 4 1 piT nf (*arlHin in H<iin(avhat 
tliilpriaii. Tho HdliOil’H' iinni (tT I hi* njrt:il oxti'inlH civrr n raiigo of 
no.arlj KKr, that in lt> wi\\ tin* ii>sfnnno tin* pninlH oti tho 

litioa Aliand ha. Ah ht fiin’^ tho nului uioial vinmtiir. nf iu:irli‘nM{to ; 
but whan tho lino SM la roaohod at a toinpinat nro nf HhO ' rnaHnive 
(Hunontito HoparntoH nnt in ! ho ni;ulf*n:aio. At tilfO*’ tho marton 
aito liroakn dnwu intu po^rlni*, and tin* tdt rnird ^M nt rnaHHivo 
(uninnitito taidH>ddi*d tn a matru nf pmihtr. Ah a ho4» oxiimplo, 
lot \m caiimdrr tho cam* uf im alh‘y onuimnuip 3 }ht Oi'Ul. uf 
oarhun, At 1240'' rnart« iodto h 'nna tn anhdiiiy, hut nn y iron m 
only m^-pablo of diisaolving ahnnt 2 por oc*n!. nf t‘-irhnn to form 
tnarttamitd* it follows that tho nf ntHil«*o.'o}o in iiooom- 

paniial by a ammontratiou of oarhon ui Iho innfhor hipior. 'rhin 
oonoonlration continuon nuiil tho oarlH»n ro u hon 4 ‘2 por ot*nt., 
whou tho out(*ctio. of luarttno'^ito and {'rnphtti* arparatoM. Ah tho 
toinptn'at nro fnlln ladow KHUT part nf tho gruplnfo agHin onii'rH 
into eoniliiniU ion, with tho fonoatinn of oouontito, an that llm 
mdtid cutmiatH of coiuontito am! nisutou'ito; and nf tho 

martouHito lirouka tloun into p«*arlit*\ Iho final if odt hoiti|( 
oeinentittt and poarlun with fnm oarhon or pjaplofo. Whou 
morti than 4*3 por cont* of otirlmn m proaonl^ griiplnto m tho tirnt 
coiiHtdtuoni to Hinmratti ont, 

Tho mlnroHcaifiitjal Epptnuunoo «»! tho important oouhI jtiiontH of 
stool him alimdy biam dofioriht’d ; Imt uthor r*»nra.ifnrntH, or 
porhapi it would lio morn onrrtmt to «ay mndtiioiiiomH of tho^i 
ooMtituoute^ may b© pnidtiotd by thormid itmiUxwut^ and thoy 
must bo briefly doitirl W. 

Troontito is au Iriformutiiati nr tr^mHitiomil priMinot wlio*h m 
formod during tha traimformatlon tif inartotoiifo info ponrlita, 
and in found in nlocdn whitjh hiiva bat n tjutno-hrd at tho or diml 
kmpuraturo Ar|^. It k wdtor ilum mmri»-nt.iN% lunl owing 
to bha fact that it I'tm only anist within a vrry Inmtod ningo 
of btuijparaturo it ii aeliiom mat with. Pliottigra|-»h 42, whiab 
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! is by Osmond, shows fche appoiiranoe of troostite under the 

i microscope. 

Sorbite is also au intormodiato formation between martensite 
j and poarlitQ, bufc is more closely related to pearlifcc. It has been 

1 described as un-soKro^jited peorlito,” or pearlite in which the 

separation of fovrit.o iiud ouiuoutito is iinperfeot owing to rapid 
i cooling. Sorbito in found in Mimill sainploa which have been 

! cooled in air, and in lai'gor Bam plus which have been quenched in 

water towards the md of the riu‘.n.loHcenco, or quenched in molten 
lead. It is also produtu'd by heating nmrtaui.sito to a blue colour. 
It is hardly possible to (hdhio the intormodiato fonnationB between 
marbensito atul poarlito, as there appears to bo a gradual change 
with no sharply-dtdiuod limita tlxrough troostite, troosto-sorbite, 
sorbito, granular pjoarliti!, and hunolhir poarlito. 

Austenite is found iu eontainiiig more than per cent, 

of carbon which liavo ht^en (juouclnul from a temperature above 
1000” in water coohul to or bettor, in a freezing mixture. 

The appearanoo of auHlcuite in Klmwn iu piiotograph 1, 4, 

the lighter coiistitumib being auHtonilo ond tlio darker martensite. 
It is softer than martoimitc, and, owing to tho fact that it is only 
stable at high torn pom tu res, Bartni thiptner lias Buggosted that 
it may be a solution of olmnontary carbon in iron. 

As regards the microHcopical luothods of detecting the con- 
stituents of stool and their diBtinguishiug characteristics, a few 
words may bo useful, 

The structure of ordinary steels may bo made apparent by 
etching with nitric acid, but it is difficult with so strong a 
reagent to roguluto tho dogroo of otohing. Many yoara ago 
Osmond rocoimnoiuh’.d au aqueous CKbract of liquorice root as an 
etching roagoiit uned iu tlio hdlowdng way A piece of smooth 
parchment was iiKiiHlein'ii witii tho licpiorico extract and a small 
quantity of [»reci[ji (.-ah M I oahuimi Hulphat<^ uddod, Tho specimeu 
was then mill Kjd vigoronaly upon tho moist piindimcut until the 
Htnioturo was ruvtiah'd. 'I‘ho oahuuin Hulphato sorvtis tho purpose 
of a polishing powder, and koepH tlu* Burfaro-of tho steel clean. 
This is the comhiuiM{ ‘^poliah attack/^ as it is soinctimos called. 
Subsequently Osinond nliowotl that a 2 per cent, solution of 
ammonium nitrabo might ho unod in place of tho liquorice extract, 
and is more oonvuuiont on aociiunt of its uniformity. By either 



compounds, mich ns Uin c()})|}oi>liiu and (•■f>])|)(n’-yiino alloyw, tbo 
conductivity docreasos rapidly until tlio point of saturation is 
reached and tlicn takes a siiddon bond and foriun an L-ishaptid 
curvG. Solid solutioBB thovoforo poHsoKs a maximum oloctrioal 
resistance, and all the alloys in tli<^ tal)lo on p. «122 consist of single 
homogeneous solid solutions. It is fortunate for tive oloctrioal 
•industry that tlio constitution which c.onbu'H upon those alloys 
thoir high electrical r('Histanco is also the cuustitution which 
enables tliom to be drawn into wire. 
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